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SPACECRAFT AND GROUND SUPPORT
EQUIPMENT {GSE) CONFIGURATION PANEL

A. TASK ASSIGNMENT .

The Apollo 204. Review Board established the Spacecraft and Ground Support Equipment (GSE)

Configuration. Panel 1. The task assigned for accomplishment by Panel 1 was prescribed as follows:

Establish and document physical configuration of spacecraft and GSE immediately prior to

and during fire accident including equipment configuration, switch position, and nonflight items

in cockpit. By deviation, document configuration differences with respect to expected launch con

figuration and configurations used in previous testing, (altitude chamber, for example), as perti-

nent to this problem. To a lower level of detail, document configurational difference between the
spaceeraft and other spaceeraft as pertiment to this problem.

In response to the task assignment, the Panel Chairman presented for Board approval a Statement
of Work which further described the individual elements of the task. The Statement of Work defined
the term., “Spacecraft and GSE  Configuration’™, as: “The physical state of the Spaceeraft and/or
supporting systewns, including components, ground equipment, facilities, and their interfaces at a specified
point in time."’

B. PANEL ORGANIZATION

1. MEMBERSHIP:
The assigned task was accomplished by the following members of the Spacecraft and Ground Sup-
port Equipment (GSE) Configuration Panel:
Mr. Jesse Fu Goree, Jr., Chairman, Manned Spacecraft Center (MSC), NASA
Mr. Charles . Gay. Kennedy Space Center (KSC) NASA
Mr. Carroll R, Rouse, Kennedy Space Center (KSC), NASA
Mr. Charles R, Haines, Manned Spacecraft Center ( MSC). NASA
Mr. Ronald V. Murad, NASA Headquarters, Office of Manned Space Flight
Mr. William F. Edson, North American Aviation, Ine., Kennedy Space Center (KSC)
Mr. Ray o Larson, North American Aviation, Inc., Kennedy Space Center (KSC)

2. COGNIZANT BOARD MEMBUER.
Mro John J. Willlams, Kennedy Space Center (KSCY, NASA, Board Member, was assigned to
monitor the Spacecraft and Ground Support Equipment (GSE) Configuration Panel.

C.PROCEEDINGS

L INVESTIGATIVE APPROANCH

Enclosures 1-1. 12 and 13 are general representations ot the Spaceeraft, Launch Vehicle and
Launch Complex. and are provided to aid the discussions contained w this section. This Panel pur-
suced the investigation in terms ol exceptions to the required Launch configuration For this purpose,
the required launch configuration was defined as that documented by engincering data approved  (re-
leased) for implementation  Identification of the configuration differences existing at the time of the
accident was  accomplished  through review of work records against released engineering data. These
differences were analyzed o identify items pertinent to the accident. This approach did not constitute
presumptions as ta the adequacy of the documented launch configuration. Rather, these data were con-
sidered to represent the engincering effort accomplished during the design of the Spacecraft and pro-
vided a baseline tor comparative analsses  Fhe Spaceeraft and supporting sysiems were identified accord
e to the major hardware eletwents o peomit diserete consideration of each element relative to the
acadent Magor hardware elements were




a. Spacecraft ($/C) -
(1) Command Module (C/M) interior
(2) Gencral configuration of the Command Mlodule, Service Module (S/M), and Adapter
b. Spacecraft/ Launch Vehicle
(1) Spacecraft/ Launch Vehicle
(2) Spacecraft/ground system
¢. Ground system -
(1) Spacecraft Ground Support Equipment (GSE)
(2) Supporting facilities
(3) Remote mortitoring and control equipment, including Acceptance Checkout Equipment
(ACE), the Operational Inter-Communications System (O18), and other Radio Frequency (RF) com-
mand. record. or audio links.

Configurations of the hardware clements were defined as of the time immediately prior to and
following the accident on January 27, 1967, The time of the accident is described as cccurring during
the performance of Operational Checkout Procedure (OCP) FO-K-0021-1, “Space Vehicle Plugs Out
Integrated Test™, at the vondition of a countdown hold ten minutes (T-10) prior to simulated launch.
The term, “"Plugs Out’’, refers to disconnection of spacecraft/GSE umbilicals, The C/M interior was
pressurized with oxygen to approximately sixteen pounds ber square inch absolute, (psia) during the
Space Vchicle Plugs Out Integrated Test. Relevant Spacecraft 012 configuration differences existing at
the time of the accident were also documented with respect to launch. previous Spacecraft 012 tests.
and the test configuration of another Apollo spaceeraft. Documentation of the first of these cases was
accomplished as an integral part of defining the configuration immediatcly prior to and fllowing the
accident. The following conditions were used as the bases for the latter two cases:

. Spaceeraft 012 configuration during Plugs-In Test at T-10 (hold), January 25, 1967. This test

represents the last operation of Spaceeraft 012 systems prior to start of the Space Vehicle Plugs

Out Integrated Test.

b. Spacecraft 012 configuration during Altitude Chamber Test at T-10 minutes (h .4y, December

29, 1966. During this test, the spacecraft exterior was exposed to partial vacuum o sunulate high

altitude operation. The C'M interior was pressurized with oxygen to approximately 1% psia during

tinal preparations for altitude simulation, Following chamber evacuation, the .M interior pressure
was maintained at approximately five and onc-half psia. This test was similar to the Space Ve
hicle Plugs Out Integrated Fest in terms of exposure 1o an oxygen enviromment.

¢. Spacecraft (08 configuration during Altitude Chamber Test No. 3 at the Manned Space-
craft. Center, October 26, 1966. This test also involved exposure to an oxvgen cnvitonment. Differ-
ences in test configuration between Spacecraft 012 and Spacecraft 008 were identified to determine
possible relevance to the Spaceeraft 012 accident.

The scope of this Panel's activitics in documenting the configuration of the hardware elements
ts schematically representedin Enclosure 1-4.

Initial efforts were those  of compiling all data o entify configuration differences oxisting
at the time of the accident. While compiling these data, the Panel was called upun ‘o supply speci-
fic configuration data 1o other Apollo 204 Review Board Panels. A total of 34 special reports
were prepared in response to these requests. These configuration data are included 11 this report
to the extent pertinent to the accident. After assembling the necessary source infurmation, the data
were collated according to hardware elements and conditions depicted in Enclosure 1-4. Daty ele-
nents organized in this manner permitted comparative analyses tfrom which significant differences
eould then be identified.

2 PRESENTATTION OF DATA.
Data assembled during the course of this nvestigatio . are summuarized 1 the (ollowing paragraphs
according to the specific conditions and hardware elements considered.

o Launch Configuration e tequired Launch contiguration of Spacecralt 012 and s supporting
svatems s adentitied by basie dovumentatron Fhys documentation is described as follo o,
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(1) Spacecraft. Released enginecring drawings listed in the *‘Spacecraft 012 Configuration
Index', January 29, 1967. The individual component parts are identified, by part number, in.
**Spacecraft 012 Indentured. Parts List™. January 28, 1967. Note: Configuration Index and Identured
Parts List are computer tabulatiens.for which input data.was updated. continuously prior to the
accident. These data were retrieved on the dates indicated.

(2) Spacecraft Interfaces. Interfaces- between the Spacecraft and Launch Vehicle are defined
by applicable Interface Control Drawings (1CD’s):

(a) ‘Instrument Unit to Spacecraft Physical Requirements, ICD 13M20408."
(b) “Instrument Unit to Spacecraft Lunar Module Adapter (SLA)Y Electrical Interface §$7C

012, 1CD 40M37H0RA."

Spacecraft-to-ground system aterface connections were specified in the “Launch Complex 34
Checklist, OCP FO-K-10011,"" and implemented in accordance with the “GSE Functional Inte-
grated System Schematics.” Physical provisions for these connections are defined by detailed space-
craft and CSE drawings. The spacecraft-to-launch vehicle and spacecraft-to-ground system inter-
{aces are depicted in Enclosure 1.9, Drawing 1-D-00566-2 .

(3) Ground System. The required configuration of the spacecraft GSE is prescribed bv the
GSE Functional Iutegrated System Schematics.” according to the particular checkout or servicing
operation to be performed. *‘Operational Checkout Procedure. OCP FO-K-0007." prescribes the
sequence of launch operations, referring to the * Launch Complex 3¢ Checklist. OCP FO-K-10011.™
for detailed GSE connections. operations, 2nd disconnections. The checklist provides only a narrative
statement of the opertions: herefore. it must be used in conjunction with the "GSE Functional
Integrated  System  Schematics.™ Basic design interfaces between the spacecraft GSL, supporting
facilities, and remote monitoring and rontrol cquipment are defined in numerous [CD’s (Reference
1-8). Configuration requirements of these ICIY's are reflected in released engineering data.

b. Required Test Configuraiion. Certain of the released engineering orders (EQ's) specify that
they are to be accomplished prior to a test which follows the Space Vehicle Plugs Out Integrated
Test; for example, Flight Readiness Test (IFR'1) or Countdown. However, explicit definition of total
spaceeraft configuration requirements for the Space Vehicle Plugs Outs Integrated Test did not exist

in the form of released engineering data. The Operational Checkout Procedure for the Space Vehicle
Plugs Out lntegrated Test. OCP FO-K-0021-1, specified the functional configurations prescribed for
the test. These functional configuration requirements include those items required to be different
from the launch configuration to permit accomplishment of tne simulated launch less the physical
event. Both the engineering data and the test documentation leave definition of the required test
configuration to inference as opposed to explicit specifications.

The test opevation involved a procedure wherein all work not accomplished to meet launch
requirements was reviewed to identify those open items which would constrain accomplishment
of the test. Therelore. the decision to proceed with the test has been construed by this Panel to
mean that all recogmized constraints were satisfied. This aspect of configuration requirements was
considered in cooperation with Test Procedures Review Panel, 7. and is discussed further in Ap-
pendix D7

ftems required to be different from the Launch configuration for reasons of test conditions and
procedures are summarized in the following paragraphs.
(1) Spacecraft. Spacecraft configuration differences authorized by OCP FO-K-0021-1 and en-
gincering orders (EO's) for the Space Vehicle Plugs Out Integrated Test were as follows:
{a) Open rweeess panels to permit GSE connections.
(b) Expendables not on board to preclude unnecessary exposure of systems to contamina-
tion or hazards to operation.
(v) Fuel cells not activated to preclude partial weduction of usetul hte.
(o) Electrical  cireuits to pyrotechnic devices interrupted and shorting plugs installed to
prevent actual firing during simulated nussion sequence.
(¢) Boust Protective Cover installation not completed to permit aceess to GSE connections.
(D) Careuits from S M battertes ta 8 M jettison controller interrupted. This was to prevent
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continuous applicarions of voltage to Reaction Control System (RCS) jet solenoids (simulated
by load boxes) follov. ing simulated. Service Module/Command Module separaticn.

(g) Installation of st batteries (flight type) to preclude power drain from units assigned
(by serial number) for the actual mission.

(h) Those items pecifically required to be accomplished as of .a planned test subsequent to
the Space Vehicle Plugs Out Integrated Test. These items are specified by Engineering Or-
ders which are identilied as open EQ’s (See Reference 1-10). ‘
(2) Spacecraft Interlaces. Differences required for-the test operations were:

(a) Facility air supply through G/M access panel to the space.between pressure vessel and
heat shield to provide humidity control.

(b) Connection ot « round-supplied oxygen in absence of on. board supplies.

(¢) Special wmbiiical interface for water/glycol circulation to prevent disconnection at time
of umbilical separation in planned mission sequence.

(d) Connection of isclated' power supply to maintain water/glycol return valve in open
position (to continue external conditioning) following planned umbilical separation.

(¢) Conuections for GSE battery rack to be used as fuel cell substitute following planned
simulated transfer to internal power.

(f) Special interfaces for S/C antennas o provide RF link to ground system.

(g) Concection of RCS load boxes (simulators) to permit testing of flight controls, yet
preclude ex . cising RCS jet solenoids.

(h) Installation of fuse boxes in the electrical interface between the spacecraft and the
lauach vehicle to protect computers in the Instrument Unit from any adverse conditions dur-
ing the test.

(3) Ground System. The required ground system configuration differences from the launch con-

figuration were those required in support of the interfaces described in paragraph B.3.b(2). The
ground system and interface configurations are depicted in the following drawings of Enclosure

TITLE NUMBER
S, C/Range/Launch Vehicle 1-D-0056-3
Interfaces, T-10, OCP
FO-K-0021-1
S/C/GSE Configuration ’ 1-D-0056-4

during T-10 told. OCP
FO-K-0021-1, Electrical

Launch Complex 34 (LC 34) 1-D-0056-7
ECS Airduct

S, - GSE Configuration 1-D-0056-8
during T-10 Hold. OCP
FO-K-0021-1, Mechanical

¢. Configuration at Time of Accident

Data prescribing the configuration at the time of the accident were obtained from configuration

management records as supplied by Panel 6 (Historical Data), witness reports, and special reports
submitted by other organizations. Pertinent information containec in special reports prepared after
the accident was verificd by this Pancl. Panel 1 also preparcc documentation of configuration
clements based upon post-accident inspection in those cases wher complete data were not other-
wise available. These data are discussed in the following paragraphs.

(1) Spacecraft. .
(a} Documentation: Differences betwzen the launch config wion and the configuration at
the time of the accident are documented by the following:
1. “Spacecraft 112 Configuration  Verification Record *CVRY,' January 28, 1967.

D-1-8
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This document identifies the work status of all released EO’s effective on Spacecraft 012
which were not accomplished at time of receipt at KSC or were released subsequently.
The CVR is a computer tabulation of data inputs as of the start of Space Vehicle Plugs
Out Integrated Test which was retrieved on the date indicated. Enclosure 1-5 is a graph-
ical representation of cwmulative EO releascs and work status subsequent to delivery of
Spacecraft 012. While verifying this document, Panel 1 identified several EO’s partially
. accomplished at the time of the accident. These EO’s are listed in Reference 1-12. Also,
twenty-two EQ's listed in Reference 1-13, were released subsequent to closeout of the CVR,
. and. were not accomplished as of the time of the accident. A summary listing of all EO’s
open at.the time of the accident was prepared by the.Panel and is contained in Reference
1-10. This listing includes those released for incorporation through normal work schedules
as well as those constrained for incorporation at a time subsequent to the Space Vehicle

Plugs Out Integrated Test.

2. “‘Spacecraft 012 Test and Acceptance Inspection Report (TAIR).” This document
consists of several volumes (or books) with entries for each work item intiated on the Space-
craft. Entries reflect the part affected, authorizing documents, entry date, closeout date,
quality control inspection stamps. Entries pertinent to this Panel’s investigation are those
of *‘Parts Installation and Removal Records (PIRR’s),”” and ‘“Temporary Installation
Records (TIR’s).”” ‘'Discrepancy Reports/Material Review (DR/MRY" actions, Type A
“Test Preparation Sheets (TPS's)” and OCP requirements authorize work on the Space-
craft. The PIRR is used to record any work against a previously installed and accepted -
part or the installation of a new part; for example, removal of a part for rework, removal
of a part for access, disconnection ot mated connectors, etc. The TIR is used to record

~ temporary installations which must be removed to meect requirements of the launch con- 4
figuration. Entries in cither of these records constitute open items until such time as the
affected part is returned to the launch configuration and verified by quality control in-
spection. DR/MR actions result from discrepancy reports which are dispositioned for
correction by minor form or fit changes under authority of the Materials Review Board.
' Type A" TPS's authorize work to be accomplished on the Spacecralt in conformance
with released EO's. PIRR's and TIR's reflect TPS, DR/MR, or OCP authority. PIRR’s

and TIR's open at the time of the accident were reviewed by the Panel and are listed
in Reference 1-10.

o,

)

3. “*Spacecraft (12 Controls Configuration™ (switch and valve positions). This docu-
ment was prepared by Pancl 1 and is provided as Reference 1-15. Data presented in this 3
- document relative to the controls configuration before the accident were obtained from the v
. accomplished parts of the OCP. The document also contains comparisons of controi config-
' urations at other specified times.
4. *"Crew Compartment Stowage and Loose Equipment Configuration.”” Data contained
in Enclosute 1-8 were compited from Reference 1-16, 1-17 and 1-18. This enclosure identi-
fies the stowed cquipment and inaterials that were in the Spacecraft at the time of the
accident. This information was used to configure a mockup of the C:M to portray the 3
configuration of Spacecraft 012 immediately prior to the accident. Enclosure 1-6 is a
photograph of this mockup, less crew couches. Enclosure 1-7 is a picture of the mockup
with couches and umbilicals installed. The mockup was used by Panel 5 (Origin and
Propagation of Fire) to study possible fire propagation paths.
(1) Data Synopsis: Review of the data discussed previously reveals that 80 EO’s were out-
standing at the time of the test. OfF these. 20 were specified to be accomplished subsequent
to the Space Vehicle Plugs Out Integrated Test and four were of a nature nnt affecting con-
figuration. .\ total of 384 PIRR’s TIR’s were open, of which 125 werc initiated as require-
\ ments of the test. The remaining 239 items reflect incomplete status of further work to have J
been accomplished wior to launch. Open items represented by these figures were identified 3
\ through reconciliaty * configuration records with witness reports and results of post-accident '
inspection. Procedure: v TAIR entries required that removal of a part be documented by
. PIRR. and that instahation of a temporarv replacement he entered on o TIR. In some in.

i
i
i




(ko Lt il 3 o . ENaik At et ittt 0 i L nodi i (IR S ik - vhiakaid

stances, this resulted in two entries against a single change action. Many of the PIRR’s/TIR’s
were not relevant as they affected items such as Service Module access panels or protective
covers on externzl components. Significant items contained in the referenced data are identified
in two categories: Significant configuration items, and items which mav have relevance to
flame propagation. These items are presented below..

1. Significant Configuration Items

a. Investigation of the released engineering and work orders for the installation
of new .debris traps has shown that this work was. only partially complete. Engin-
eering Order No. 582252 released the debris trap modification kit. This modification
provides for the replacement of the fish-net type of debris traps with Raschel .net
debris. traps. All old-type debris .iraps were removed. Eleven (11) of twenty-five (25)
new debris traps were installed prior to start of test. This replacement was docu-
mented on the authorizing TPS.

b. Flight items installed in other than normal configurations:

(1) Two 16-mm sequence cameras and. a camera power cable were stowed
loose on the floor of the gas chromatograph installation area.., The normal stow-
age position of these items is one camera with cable in Scientific Compartment
*“A”’ and one camera in Scientific Compartment *‘G.”

(2) A Dew Point Hygrometer Sensor, sensor cable, power cable, and control
unit, were stowed loose on the floor of the gas chromatograph installation area.
The normal stowage position of these items is scientific compartment “*D.”’

(3) The drinking water dispenser was not connected to the hose.

c. The Spacecralt controls configuration which existed at the time of the accident
was in accordance with the planned procedurc specified in Operational Checkout
Procedure FO-K-0021-1 with the following exceptions:

(1) The crewmen’s audio center communications controls configuration which
existed at the time of the accident differed from the planned procedure due to
the troubleshooting of the communications systems during the tests. The exact
configuration of these controls at the time of the accident cannot be determined.
The configuration as found after the accident would have permitted all three
crewmen to have two-way communication both within the Spacecraft and to the
ground.

(2) The switch labeled ““VHF ANTENNA™ (Very High Frequency Antenna
Selector Switch) was specified to be in the ““UPPER” position, but was changed
to “LOWER" per ground personnel request during the communication trouble-
shooting. This action switched the active VHF antennas.

(3) The switch labeled **S-BAND ANTENNA’’ (S-Band Antenna Selector
Switch) was specified to be in the "“UPPER” position, but was changed to
“LOWER’ per ground personnel request during the communications trouble-
shooting. This action switched the active S-Band antennas.

(4) The switch labeled ““Hgh ACCUM AUTO/MAN/AUTO’™ (Water Ac-
cumulator Mode Sclector Switch) was specified to be in the “*MAN" (Manual)
position, but was changed to “"AUTO’ (Automatic) during the test per flight
crew request. In the “"AUTO position, the cyclic accumulator is actuated auto-
matically every ten minutes to remove moisture from the suit loop gases. In the
“MAN"" position, the cyclic accumulators must be cycled by the crew using the
switch labeled ““Ho0 ACCUM/ON/OFF/ON™ (Manual On-Off Switch) as re-
quired.

(5) The switch labeled ""AC INVERTER 2 MNB/OFF’’ (Inverter Number
2 Power Switch) was specified to be in the “OFF’" porition, but was changed
to “MNB'" (Main Bus B) by recorded deviation to the OCP during the test.
“MNB" s the correct position. supplying the Main Bus B power to Inverter
Ne. 2.

d. Earth Landing System sequence cover panel assembly in right - hand equipment

D-1-10
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bay removed on January 23, 1967. Removed per OCP FO-K- 10011 deviation No.
25 for purpose of connecting Acceptance Checkout Equipment (ACE) connectors.
(ACE removed prior to Space Vehicle Plugs Out Integrated Test).

e. Cover on connector on Guidance and Navigation (G&N) computer removed
to facilitate installation of 100 series test connector cover which was installed for
testing purposes and would be removed before flight.

f. Ten connector caps on Power Servo Assembly (PSA) trays were removed on
December 30, 1966.

g. Translation Controller ME901-0171-0204, S/N. EAC 1024, installed on left-
hand couch, left-hand side on January 24, 1967..Authorization for .installation was .
per Test Preparation Sheet S/C 566 Step No. 3. Controller was installed to support
OCP FO-K- 0006 (Plugs In Test) and OCP FO-K-0021-1.

h. Rotational Controller, MEG01-0172-0204, S/N DAK 10384, installed in left-
hand couch, right-hand side on January 24, 1967. Authorization for installation
was per Test Preparation Sheet S/C 566 Step No. 4. Controller was installed to
support OCP FO-K-0006 and OCP FO-K-0021-1.

i. Carbon dioxide absorber elements ME901-0218-0001, S/N 24172 and 24171,
installed on January 27, 1967, as specified in OCP FO-K-10011 deviation No. 140.
Absorber elements are a different configuration than the flight articles (ME901-0218-
0001 as compared with -0021-1). Elements installed for Space Vehicle Plugs Out In-
tegrated Test did not have by pass provisions and were enclosed in a glass fiber shell
as opposed to aluminum.

j. Pyro Pancl (No. 150) was temporarily installed prior to the Plugs In Test,
(OCP FO-K-0006). Panel was not fully installed and was recorded as a temporary
installation. The panel was out approximately 5 to 6 inches from lower equipment
bay panel line and was located on aft bulkhead.

k. Engincering Order (EO 507283) released the requirements for replacing the
electrical bonding straps for couches with a strap that is less susceptible to damage.
Two of four existing straps were removed on Parts Installation Removal Records.
New electrical bond straps (P/N MS 25083-3BB3 and MS 25083-2BB8) were to be
installed by TPS-SC 012-SC-535, which was not accomplished prior to the Space
Vehicle Plugs Out Integrated Test.

]. Gas Chromatograph (P/N R534845-2-A, Serial Number 5) was removed on
December 30, 1966. Replacement of gas chromatograph was not a constraint to the
conduct of Spacc Vehicle Plugs Out Integrated Test or Plugs In Test. The power
and sensor connector for the chromatograph had voltage present, and was placed on
the shelf of the gas chromatograph compartment. (Sce Appendix B, Witness Statement
No. 44).

m. The Data Storage Electronic Assembly (DSEA) Recorder (P/N LSC-360-12,
Serial Number 104) was temporarily installed January 27, 1967. Installation was made
in accordance with Test Preparation Shect (TPS SC 012 583, Step 1P). The temp-
orary installation of the DSEA Recorder was accomplished to provide a flight con-
figuration for the Space Vehicle Plugs Out Integrated Test. The power connector to
the DSEA was energized during the test. Post-test investigation revealed that the
power connector was not hooked up.

2. Ttems Which May have Relevance to Flame Propagation

a. Engineering Order, (EO 226756) released at the Contractor’s Downey facility
on January 20, 1967, provided direction to inspect the polyurethane foam (Specifi-
cation MB0130-039) in specified areas and coat with silicone rubber, (Type II, Speci-
fication MB0130-019) to meet flammability requircments. This direction was not
recorded in the CVR as of start of Space Vehicle Plugs Out Integrated Test (issued
at Contractor's Florida Facility on January 27, 1967,) and was not accomplished on
S/C 012. This item is of possible significance in terms of fuel for the fire and as a
medium for flame propagation.

L-1-1
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b. Polyethylene bags were used to cover the hose fitting for the drinking water
dispenser and the battery instrumentation cable and conncctors (2) and .transducer,
which were placed on the aft bulkhead near the batteries. These bags are nonflight
materials.

c. Two Polyurethane pads, approximately 20 x 24 x 2 inches, covered with Velo-
stat, were stowed over the Z-Z couch struts. The pads were placed in the Spacecraft
to.protect the . struts,. wiring, and aft bulkhead during the planned cmergency egress .
at the end of the test. (Sec Appendix B, Witness Statement Number 3). These items
were nonflight .materials and were not documented by quality inspection records.

d. Three peckages of switching checklists from Operationa! Checkout Procedure
FO K-0021-1 (multilith process) and one package of system malfunction procedures
(Xerox and Bruning processes), in a manila folder were stowed on the crew couches
and on the girth shelf. These items were on unqualified paper. While required for
the test, these items were not ducumented by quality inspection records.

c. Nylon protective sleeves were covering all three crewmen’s oxygen umbilicals.
These were nonflight items.

f. Three GSE window covers were temporarily installed. Covers were installed
to protect the windows and are nonflight items that were in the Command Module
(C/M) at the time of the accident. Another such cover for the side hatch window
was removed by the crew and stowed inside the C/M. Covers are nylon fabric where
the flight covers are made of aluminized Mylar,

g. Velcro pile MFL-F-21840A installed to protect Velcro hook on C/M floor.
— Would have been removed before flight.

L. “*Remove before flight’* streamers installed in C/M interior. Represents addit-
jonal nonflight items in C/M.
i. Polycthylenc zipper tubing installed to protect hand controller cables. Poly-
ethylenc tubing cover is a nonflight item and represents additional material in the
C/M.
(2) Spacecraft Interfaces
(a) Documentation: Configuration of Spacecrait interfaces at the time of the accident is
defined by the documentation described below:
1. Spacccraft/Launch Vehicle {SC/LV) interfaces are depicted in Enclosure 1-9, Draw-
- 1-D-0056-2. Also, details of the SC/LV electrical interface functions arce defined in Ref-
B erence 1-19. These data are based upon review of ICD's 40M375084A, 13020408, changes
thereto, and visual inspection to the extent possible.
2. Spacecraft/Ground System interfaces are represented schematically in Enclosure 1-9,
9 Drawings 1-D-0056-3, -4, 77, and -8. Also electrical cable connections and interface funct-
) ions are identified in Reference 1-19.
{b) Data Synopsis:

Significant interface differcnces from the required launch configuration were as follows:

1. The fucl cell battery rack assembly (C14-395) was clectrically mated to the con-
nectors from which fuel cells 1 and 3 would (in flight) supply direct current (DC) power
to the S/C busses. This was accomplished per Checklist FO-K-1011 and was required due
to the fact that the fuel cells were not operating in this test. Power was being supplied
through the flyaway umbilical from a ground power source. At T-0 minutes, the umbilical
would have been dropped to satisfy test requirements. At T-10 minutes, per the Test
Procedure, OCP FO-K-0021-1. bus power would have been transferred from cxternal
GSE power to C:14-395 battery power (Enclosure 1-9, Drawing 1-D-0056-4).

2. The YOO - 085 cable and a power supply were connected to the 8.°C water ‘glycol drain
and vent shutoff valve S23LV1 (Reference 1-D-0056-8). This valve must be held open
by a 28 VDC source in order to maintain water glycol circulation during ground testing. "
During this test, the flyaway umbilical which normally carries the 28 VDC power is dis-
connected at T-0 minutes and, the valve would close if not separately powered.

3. The ground oxygen (()y) source was connected to the §/C. Oxygen to the Space-
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craft was supplied (Reference Schematic 1-D-0056-8) from a bottle source through the 02
Test Sct to the Og valve box in the S/C. This particular configuration was being used for
the first time at LC 34.

4. A thermocouple was taped to the oxidizer “*A” isolation valve and was connected
to a GSE meter.. During this test, the propellant isolation valves were to be energized for
a period of approximately 15 minutes. A technician was to monitor the valve temperature
during the.actuation time in the test.

5. Seven C/M RQCS simulator cables were connected from the simulator boxes to the.
S/C. These cables were connected from the simulator .boxes to the RCS Control Boxes
through C/M access pancls. Each of these cables ran bLeneath the Boost Protective Cover
(BPC) sections that had been installed surrounding the S/C hatch. Post-test observation
indicates that the cable interference with the BPC bulged the installed sections of BPC’
such that the hatch section of the BPC could not be installed properly.

(3) Ground System
(a) Documentation: The configuration of the ground system at the time of the accident is
described by the following:

1. Spacecraft GSE configurations existing at the time of the accident or used earlier
in the test are depicted in Enclosure 1-9, Drawings 1-D-0056-1, -4, -5, -7, -8, and -9.
These drawings were prepared for Panel 1 based upon visual inspection and reference to
GSE Functional Integrated Schematics for internai detail. The individual GSE models
used during the test and change actions not accomplished arc tabulated in Reference 1-19.

2. Configuration of supporting facilitics was documented by a report prepared by the
KSC Launch Facilities Division in support of this Pancl’s investigation. This report is
provided as Reference 1-20. Reference 1-21 is an inventory listing of miscellaneous items
found on the service structure platforms after the accident.

3. Configuration of remote monitoring and control equipments arc briefly described
in Reference 1-20. Reference 1-22, prepared by this Pancl, contains further data regarding
details of the configuration of the Acceptance Checkout Equipment (ACE), Operations
Intercommunications System (OIS), and the Mission Control Center, Houston. The overall
configuration of remote monitoring and control equipment at the time of the accident
is depicted in Enclosure 1-9. Drawing 1-D-Cu56-3. The configuration of ACE is shown in
Enclosure 1-9, Drawing 1-D-0060. OIS -onfiguration is shown in Drawing 1-D-0062,
(b) Data Synopsis: Significance of the ground system configuration is summarized as follows:

1. No further significance is attached to the Spacecraft GSE configuration beyond that
previously discussed under the heading **Spacecraft/Ground System Interfaces.”

2. The configuration of supporting facilitics within the scopc of this Panel’s investi-
gation is not represented as pertinent to the accident. The safety aspects of the facility
configuration were deferred to Panel 13 (Ground Emergency Provisions Review).

3. The remote monitoring and control cquipment were configured according to pub-
lished requirements and operational procedurcs. Analyses of difficulties experienced in the
communications equipments, as mentioned in Reference 1-22, were referred to Panel 9
(Design Revicws).

d. Post-Accident Configuration

The damage caused by the fire in the Spacecraft is documented by the Apollo 204 Review
Board Photographic Files and by the work records of the disassembly accomplished by Pancl 4
(Disassembly activities). Panel 1 considered those aspects of the post-accident configuration nece-
ssary to verify certain eclements of the configuration existing at the time of the accident and to
identify changes in control configuration accomplished during the fire. The scope of these con-
siderations was limited to configuration change actions accomplished during and immediately fol-
lowing the fire. Considerations were based upon photographs and visual inspection by members
of this Pancl. The significant post-accident configuration differences are summarized as follows:

(1) The rotary switch lateled “"BMAG POWER" (Body-mounted attitude gyro power switch)
was found in the “"OFF'" position, whereas it should have been in the “"AC2 MNB'* (Alternating
Current Number 2 and Main Bus B) position. A silhouette pointing to the **AC2 MNB’’" position
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indicates the s witch was moved to the “OFF " position after sooting occurred.

(2) Thirty-three circuit breakers which were closed prior to the accident we=e “auad ‘OPEN.”
The shafts exposed by the circuit breakers opening vaty from sooted to cleai., giving some gross
determination of the relative times at which the different breakers opened (Reference 1-15).

(3) Two switches labeled ‘MAIN BUS TIE-BAT A & C and BAT B & C”’ (Battery A and
C tie to Main Bus A and Battery B and C tie to Main Bus B) apparently were changed. from
the “AUTO” to the ‘‘ON" positions by the crew after the fire was reported. This action placed
Spacecraft batteries A and. C in parallel onto Main Bus A and hatteries B and C in parallel onto
Main Bus B; in addition to the ground power becing supplied. This action was not a planned
procedure in event of rapid or emergency egress. It could have been taken in an attempt to main-
tain communication or lighting since emergency procedures called for GSE power off.

(4) The Pad Emergency Egress Procedure specified in the Apollo Crew Abbreviated Checklist,
page 15-2 (including planned changes), called for: (a) Turning off the switches labeled ““MASTER
EVENT SEQ CONT PYRO ARM 1 and -2, (Master Event Sequence Controller Pyrotechnic
Arming Switches); (b) *SN RCS PROPELLANT A, B, C, AND D,” (Service Module Reaction
Control System Propellant Switches for Quads A, B, C and D); (¢) Placing the CABIN RELIEF
VALVE TO “DUMP"; (d) Opening the four circuit breakers labeled *MASTER EVENT SEQ
CONT ARM A BAT A, ARM B BAT B. LOGIC A BAT A, and LOGIC B BAT B,” (Master
Event Sequence Controller Pyrotechnic and Logic Arming Circuit Breakers). One of the circuit
breakers, “*MASTER EVENT SEQ CONT ARM B BAT B’ was found open. All the other con-
trols listed above are in the pre-accident configurations.

(5) The switch labeled “"RCS INDICATGRS™ (Reaction Control System Indicators) was spec-
ified to be in the "*SM D’ position (Service Module Reaction Control System Quad D), but was
found in the *SM A" position. OCP FO-K-0021-1 did not specify the normal step of returning
this switch to the “*SM A’ position after use (as specified in the Apollo Crew Abbreviated Check-
list and in previous Operational Checkout Procedures). The crew apparently did this in accordance
with the abbreviated checklist. This switch selects the inputs to the time-shared RCS displays on
Panel 12.

(6 The switch labeled "TAPE RECORDER RECORD/PLAY" was found after the accident
to be in the “OFF" position (OCP FO-K-0021-1 specified "RECORD”). There is no record of
the crew deviating from the OCP FO-K-0021-1 spccified position. The Apollo Crew Abbreviated
Checklist specified **OFF’" for this switch untii immediately prior to launch. The switch might
have been set to ""OFF" per that procedure (without ground coordination) or knocked off inad-
vertently,. The Tapc Recorder (DSE) would not operate in either switch position until enabled
by setting the switch labeled " TAPE RECORDER FWD/REV" (Tape Recorder Forward/Reverse
Selector Switch) to the forward or reverse position (planned just prior to launch).

(7) The gas chromatograph power sensor connector was found on the aft bulkhead. This con-
nector was placed on the shelf of the chromatograph compartment at time of crew ingress.

e. Plugs-In Test Configuration

The Spacecraft 012 Plugs-In ‘Test. OCP FO-K 0006. was initiated at 4:00 a.m. EST, January
25, 1967. and was completed at 2:54 a.m. EST. January 26. 1967. Aside from test set-up, iew
configuration changes were accomplished  between completion of Plugs-In Test and start of the
Space Vehicle Plugs Out Integrated Test at 7:00 a.m. EST. on January 27, 1967. Configuration
changes were identified from Parts Installation and Removal Records. Temporary Installation
Records. and Discrepancy Report Material Review dispositions. The configuration at the time of
the Plugs-In Test relative to the Space \ chicle Plugs Out Integrated Test is summarized as follows:

(1) Spacccraft

Difference in the configuration of the Spacecraft at the time of the Plugs-In Test with
respect to the Space Vehicle Plugs Out Integrated Test are listed in Reference 1-10. Significant
differences were as follows:

(a) Boost Protective Cover (BPC:3 and splice plate (10 picces) installed for Space Vehicle

Plugs Out Integrated Test. The BPC was partially installed to accommodate the hatch BPC

which was necessary for the planned emergency egress exercise.

(b) Main A, Main B and the post-landing test batteries were not installed (used)
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during the Plugs-ln Test. Jettison controller batteries were used for each test, but were of a

different serial number.

(c) Eleven protective dust caps installed on pyrotechnic connectors in the C/M subsequent
to Plugs-In Test. Caps placed on non-mated connectors o provide protection and prevent
shorting.

(d) The Inertial. Measurement Unit (IMU) heater shorting plug was temporarily installed
in tray 7 for the Space Vehicle Plugs Out Integrated Test. This provides heater power from.
the S/C bus rather than from an external source. The installation of this shorting plug rep-
resents. a configuration difference from the Plugs-In Test; however, this plug had been used
previously during the Altitude Chamber Test (OCP FO-K-0034A). The ‘‘Launch’ configur-
ation also requires that this plug be installed.

(e) Carbon dioxide absorber elements, P/N ME 901-0128-0001, were installed for the Space
Vehicle Plugs Out Integrated Test. These absorber elements were not flight configuration.

(f) The same three crewmen umbilical electrical cables (cobra cables) were used in the
7 Plugs-In Test as were used in Space Vehicle Plugs Out Integrated Test. However, two addit-
5 ional cobra cables were stowed on board for this test, one of which was used by the Com-

mand Pilot during part of the test.

. (g) Noise-limiter adapters were attached to the cobra cables for the Space Vehicle Plugs
Out Integrated Test, but not used for Plugs-In. They were check out in the Spacecraft be-
tween the times of the two tests.

(h) An “‘octopus cable,”’ (Medical Data Acquisition System cable) was installed for the
Space Vehicle Plugs Out Integrated Test, but not used for Plugs-In Test.
(i) Flight crew equipment was not stowed for the Plugs-In Test.
(2) Spacecraft [nterfaces
Differences in the Spacccraft interface configurations between the Plugs In and Space
Vehicle Plugs Out Integrated Tests arc identified in Reference 1-19. The significant differences
were:

/‘-’bh‘

(a) Pyrotechnic Substitute Units were utilized during the Plugs In Test and were dis-
connected during the Space Vehicle Plugs Out Integrated Test in an attempt to provide bet-
ter S/C ground isolation.

(b) Fuel Cell Battery Substitute Unit was utilized during the Space Vehicle Plugs Out
Integrated Test. This unit is used to supply S/C bus internal power in *he absence of fuel
cell operation after the flyaway umbilical has been dropped.

(c) Protective Pressurization Unit was utilized to maintain a pad pressure on the Service
Propulsion System (SPS) tanks. This unit was disconnected during the Space Vehicle Plugs
Out Integrated Test in an attempt to maintain better ground isolation.

(d) Battery Substitute Unit was used during the Plugs In Test. This unit was utilized in
lieu of the S/C entry and post-landing batteries during that test.

(e) Water/glycol shutoff valve control cable and associated power supply was utilized during
the Space Vehicle Plugs Out Integrated Test. This requirement exists in order to hold the water/
glycol return shutoff valve oden after flyaway umbilical cjection, such that continuous wsater-
glycol circulation may be main.ained.

(f) Conditioned air was supplied through the access arm White Room and the open Space-
craft hatch for the Plugs-In Test, therefore not requiring external oxygen supply. An oxygen
test set was utilized during the Space Vehicle Plugs Out Integrated Test. Oxygen was supplied
from two K bottles through this unit to a facility valve box and then to the Spacecraft.

(8) SSE access connectors were connected to the Service Module (S/M) during the Plugs-
= In Test to monitor fluid system parameters. They were not required for the Space Vehicle

Plugs Out Intcgrated Test.

(h) The ACE carry-on test equipment was utilized during the Plugs-In Test. This equip-
ment is located on Level A8 outside the C/M and is connected to the Spacecraft systems
through cables which run through the hatch and connect to the individual Spacecraft sys-
tems. This equipment was not required for the Space \"chicle Plugs Out Integrated Test.
(3) Ground System

The Spacecraft GSE configuration differences between the Plugs In and Space Vehicle
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Plugs Out Integrated Test are given in Reference 1-19. No significant differences were identified
beyond those discassed above under the heading, “*Spacecraft Interfaces.” Data presented in Ref-
erence 1-22 reflect that no differences existed in the configurations of the ACE and OIS equipment
relevant to the accident.
f. Configuration for Altitude Chamber "Test

The final run of the Spacecraft 012 Altitude Chamber Test, OCP FO-K-0034A-1, began at
6:00 a.m. EST.. on Deccember 29, 1966, in the East Altitude Chamber in the Manned Space-
craft Operations. Building (MSOB). The test was completed at 3:30 a.m. EST, December 30,
1966. At the time.of the Altitude Chamber Test, configuration records reveal that sixty (60) re-
leased EQO’s had not been accomplished. Test Acceptance Inspection Records reflect that. three-
hundred-cight (308) work items were open. These records were reviewed to determine configura-
tion actions accomplished or closed out between the completion of the Altitude Chamber Test and
the Space Vchicle Plugs Qut Integrated Test. Discrepancy Report/Material Review dispositions
were screened to identify corrective actions that altered configuration and were accomplished in
this time period. Configuratior differences are summarized as follows:

(1) Spacecraft

Differences in the spacecraft configuration between the Altitude Chamber Test and the
Space Vehicle Plugs OQut lategrated Test are presented in Reference 1-10. Enclosure 1-8 re-
flects differences w1 crew equiiment and loose items stowed in C/M. Significant diff:+ onces
were as follows:

(a) Only the inner hatch was installed for the Altitude Chamber Test. Both inner and outer
hatches were installed and latched. and BPC hatch was in place but not latched for Space
Vehicle Plugs Out Integrated Test.

(b)Y Pyrotechnic panel (no. 150) was temporarily installed for Altitude Chamber Test. This
pancl was removed December 30, 1966, and was temporarily installed prior to the Plags
In Test (OCP FO-K-0000). The panel was not {ully installed, being out approximately 5 to
6 inches from  the lower equipment bay panel line and located on the C'M aft bulkhead.

(¢) Carbon dioxide absorber clements of the correct tlight configuration (ME 901-0218-
0021) were installed for the Altdiude Chamber Test. instead of the non-flight configuration
for the Space Vehicle Plugs Out Integrated Test.

(d) Command Module interior panel, P-N V10-441802, covering J-box in left-hand lower
cquipment bay was removed for DR MR disposition to relieve interference with wire bundle.
I'he panel was replaced prior to the Space Vehicle Plugs Out Integrated Test.

() Spacecraft oxvgen tanks were serviced for the Altitude Chamber Test.

() Hydrogen tanks were pressuriced with mitogen during the Altitude Chamber est.

(¢) Fuel cell battery substitute unit was not connected for Alutude Chamber Test. Space-
craft was powered by external GSE facility power.

(h) DC power bus voltage monitor recorder was installed for Aldtude Chamber Test.

(1) Additional Velero was installed after completion of Altitude Chamber Test.

(j) Noise limiters were not installed on cobra cables tor Altitude Chamber Test.

(kY The gas chromatograph was installed for the Altitude Chamber Test.

th The Data Storage Bleetronies Assemblies (DSEAS) were mstalled in flight configuration
for Alutude Chamber Test.

(m) I'he Spacecralt TV camera was on during the Altitude Chamber Test, but not for
Space Vehicle Plugs Out Integrated Fest cafter crew ingress).

(0 Lranslatton and  rotation controllers were anstatled 1o fhght confivmation  for
Altitude Chamber Test.

t0) Floodlight installation was modified subsequent to Altitude Chamber Test.

) Crew cquipmicat stowage was approxamately flight configuration tor Altitude Chamber
Test. 8¢ Enclosure 1 8 fur detailed differences.

() Debris traps were modified subseqguent o Altitade Chanber Test.

(rr Al erew couch ground straps were installed tor Alotude Chamber Pest
2y Spacecraft Interfaces

The Spacecralt gronnd setem wdettaces esstiey dure: the Alnitude Chamber Test are
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depicted i Enclosure 1-90 Drawing 1-D-0056-6. Significant interface differences relative to Space
Vehicle Plugs Out Integrated Test were:

() During the Altitude Chamber Test, the A-14-062 Launch Vehicle Substitute Unit was
installed. During Space Vehicle Plugs Qut lategrated Test, the Command and Service Mod-
ule "Spacecraft to Lunar Module Adapter (CSM SLA) configuration.was mechanically and elect-
rically mated to the LV, The electrical connection to the Instrumentation Unit (1T was
through a scparation device.

(bY RCS engine simulators were used for both tests. The NXOO-OT3 units were used during
the Altitude Channber run and the A14-275 units were used for the Space Vehicle Plugs Out
Integrated. Test.

(¢) The external Digital ‘Test Command Systemn (DTCSC 14:231) is utilized at LC 34
and is not required in the Altitude Chamber.

(d) The Fuel Cell Battery Substitute Unit (C14 395) was utilized during the Space Vehicle
Plugs Out [ntegrated Test. This unit is used to supply 8. C bus internal power after the fly-
away wmbilical has been dropped.

.¢) The Mobile Data Recorder was utilized to record 8§ C DC bus voltages during the
Altitude Chamber Test. It was not utilized during the Space Vehicle Plugs Out Integrated
Test.

(D Thewater ghveolshutoff vahve control cable and associated power supply was utilized duting
the Space Vehicle Plugs Out Integrated Fest. This requirement exists in order to hold the
glyeol shutoff vilve apen after flyaway wmbilical cject. such that continucus water-glycoi cir-
culation may be maintained.

(g) The oxyvgen test set (Z00 025401 was used during the Space Vehicle Plugs Out In-
tegrated Test. Oxvgen was supplied from one K™ bottles through this unit to a facility valve
box and then to the Spaceeraft. During the Altitude Chamber Test, oxygen was supplied from
the on board tanks. cach of which had been loaded with hqud oxvyvgen (LOX). Oxygen,
hyvdrogen, and unitrogen fill, vent, pressurization, and relief lines were connected to the 8 C
during Altitude Chamber operation.

(h) The Protective Pressurization Unit (S14:099) was used to maintain a pad pressure on
the SPS tanhs. This unit was disconnected during the Space Vehicle Plugs Out Integrated
Test to maintain better ground isolation.

(1) During the Space Vehicle Plugs Ouwt Integeated Test, the Launch Fscape Svstem (LEN)
tower was installed  and electrically connected. During the Altitude Chamber Test, neither
the LES tower nor the pyrotechnic substitute boxes were installed.

() GSE access connectors were connected o the 8 M during the Altitude Chambey "Test
and were not connected during the Space Vehiele Plugs Out Integrate 1 Test.

(%) The aceess Arm White Room was mated to the S8 C during the Space Vehiaele Plugs
Ot Integrated Pest This configuration does not exist in the Altitude Chamber.

(D Al was bang supplied 0 a0 M access port to maintain a low humidity condation
in the space between the C M pressure vessel and heat shield during the Space Vehicle Plugs
Out Integrated Pest.

(3 Ground Svstem

Conhguration of the Spaceeraft GNiLat the time of the Altitude Chamber Test is defined

i Reference 1190 Configurations of the supporting  facthiiies  together with the GSE are shown
schematically in Enclosure 190 Drawing 1 D 0030 0. Remote monitoring and control eqquipnient
configurations are described in Reference 122 Sienilicant differences in the ground ssstem config-
uration velate diectly to the mterface dilfetences discussed previoustys therefore, further discussions
are not provided.
R. Spaceeraft 08 Test Configuration

The Spacecratt 008 Fhermal Vacuwm Fest No o3 was conducted at the Space Eavironmeatal
Sunulation Laboratory (SESL), MSCL from Okctober 260, 1966 through November 1, 19660 The con
figuration for this test was selected for comparison with the configuration of 8 €0 M2 .t the e
of the accideat  \ special computer tabulation was obtained to compate  the configuration venti
cation records of the two Spacectaft Copies of the S € OOR test eports and supportng data were
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obtained. These data were reviewed and a summary report was prepared (Reference 1-24). Sig-
nificant extracts from the summary report are:

(1) Spacecraft 008 wire harnesses did not have the modification kit (Teflon wrapping) installed
which provides additional protection to crew compartment wiring. A special pad protected the wir-
ing on the aft bulkhead during the S/C 008 test.

(2) Spacecraft 008 had additional wiring that was not in $/C 012.to implement limited remote
control during unmanned altitude chamber tests. Additional wiring for-. test instrumentation was.
installed in $/C 008. The right-hand C/M window of $/C 008 was utilized for an .umbilical
pressure  bulkhead penctration  to  bring out the additional control circuits and .instrumentation.

(3) Command . Module floodlights of .improved configuration were employed on $/C 012. 5, C
008 utilized the basic configuration for all thermal vacuum testing. The provisions for portable
floodlights were established as @ requirement from the §/C 008 tests and installed on $/C 012,
but the portable lights were not aboard for Space Vehicle Plugs Out integrated Test.

(4) Noise filter adapters for the crewman umbilical clectrical cables were not utilized on §/C
008. but were used on 8/C 012,

(%) Spacecraft 008 instrumentation and  signal conditioners for test monitoring were not flight
qualified instruments in all cases. but had been tested to the actual test environment. Flight in-
strumentation was installed on § C 012,

(6) Design modifications were incorporated in the Environmental Control Unit (ECUY on the
S, C 012 unit as compared to the §,C 008 ECU.

(7) A production prototype mission events sequencer was used on §/C 008. $/C 012 had pro-
duction sequencers that were flight qualified.

(8) Crew couches were modified for the long duration of thermal vacuum test on 8 C 0U8.
Crew compartment stowage and special Teflon covered Sarfoam pads on the aft bulkhead were
used on S C 008, differing from the § € 012 flight configuration. The crew compartment hatch
on S € 008 thermal vacuum test run No. 3 had the airlock incorporated for scientific experiments.

(9) Beta cloth over Teflon covering was used extensively on the aft bulkhead (covering the
special Sarfoam pad) and couches during the Spacecraft 008 test. This is a fire-resistant material.
Also. fire extinguishers were available inside the crew compartment during the 8/C 008 test.

(10) A large number of differences existed in the GSE and supporting facilities. These differ-
ences were not significant to the Spaceeraft 012 accident.

D. FINDINGS AND DETERMINATIONS

Review of data presented in this repott results in summary findings and determinations as follows:
1. FINDING

One hundred and sixty-four (164 Enginceving Orders (FEO's) were not accomplished at the time
Spaceeraft 012 was received at KSCL Six hundred and twenty-three (623) EO's were released subsequent
to receipt at RSC. OF theseo twenty-two (22) were recent releases which were not recorded in con-
figuration records at RSC at the time of the accideunt.

DETERMINATION

Continuing engineering  changes indicate progressive development of the Spacecraft configuration
through the time of the Space Vehicle Plugs Out Integrated Testo At the time of the test. the con-
figuration could not have been complete with respect o the launch configurations.

2. FINDING

Ihe required Space \'chicle Plugs Out Integrated Test configuration was not explicatly defined by
destgn engineering or test documentation. Defimtion of tequned test configuration was limired to test
set-up and controls configurations specified m OCP FO-R n21-1.

DEFERMINATION
The absence of exphict defimtion of Spacecraft test configuration requirements relegated such
definition to the test onangization Further. it s the opinion of this Panel that the lack of timely and
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explicit design defirition of the required test configuration precluded complete assessment of adverse
configuration aspects as constraints to the test.

3. FINDING
Eighty.(80) EO’s effective on 8/C 012 were not accomplished at the. time of the accident. Of these,

twenty (20) were specified to be accomplished subsequent to the Space Vehicle Plugs Out Integrated .
Test. Four (4) of the open EO's were of a nature not affecting configuration. Three hundred and.

cighty-four (384) Parts Installation and Removal Records (PIRR's) and Temporary Installation Records
(TIR’s) were open, of which one hundred and tweaty-five (125) were in compliance with requirements
of the test documentation.

DETERMINATION

It is concluded that test requirements had no decfined relationship to the open status of fifty-six
(56) EO's and two hundred and fifty-nine (259) PIRR's/TIR’s. It is the opinion of this Panel that
all work items and EO's were not closed because of late reccipt of changes or further work scheduled
to be accomplished prior to launch.

4. FINDING
Items were placed on board the Spacecraft during preparation for the Space Vehicle Plugs Out
Integrated Test which were not documented by quality inspection records.

DETERMINATION
Procedures for controlling entry of items into the Spacecraft were not strictly enforced.
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SPACECRAFT CONFIGURATION
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SPACECRAFT 012 CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

The ottached table lists by area the configuration of stowage items and other loose equipment for
the Spacecraft 012 Crew Compartment, This information is given for the planned launch, Operational

Checkout Procedure (OCP) K -0034A- 1- Manned Altitude Chamber Test, and OCP K-0021- 1-Plugs- Out
Test.

The data for planned launch was taken from the Spacecraft 012 Operational and Experimemtal
GFE/CFG Stowage List. Data for OCP's K-0034A-1 and K-0021- 1 were derived from the applicable
Test Preparation Sheets, Part Installation or Removal Records, Temporary Installation Records, Stowage
OCP’s and interviews of ground and flight crew support personnel. In the case of OCP K-0021-1 some
data was also derived from physical inspections of the spacecraft after the incident.

The data includes all items loose in the crew compartment, installed in stowage containers, car-

ried on the flight crew’s persons, or items subject to removal displacement by the flight crew. It further
includes all non-flight matesials known to be on board the spacecraft. All items are listed under their
normal launch stowage locations, except that non - flight items are listed where actually stowed for the

test. ltems stowed in other than normal launch locations or in other than normal launch conditions are
identified by notes in the ‘REMARKS’’ column.

The “STOWAGE ITEM NUMBER" is a cross index to the Spacecraft 012 Operational and Experi -
mental GFE CFE Stowage List.
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LEFT HAND EQUIPMENT BAY

ol

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

MSC FoRw 110c (wae §11(01)
e ——

P QUANTTTY

SIVLAGE
PLANL-D| OCE K- | 7P K- PART N2k NOMERCLATUR IT:N
LAUNSH JOO3UA-1 | 0021-1 O

ARFA

o7 1 - V16m 33,0 Jainl Seientitic Container "D NI

67 . L i EC+ 00 =3 Dew PU iygrometer Sensor J:8 Pooowed on v.oor o aren
&0 i LER for OOLel

of 1 i EC3 004 Cencor Cable Q29 [«(same as alove!

&1 1 N EC+. 00 Control tmit b fa(same wrdgone)

&f . i L SEBL11VOVI b=, <. Conutrol Pwr lable Il |-{:ame as atove)

514 B 1 1 8DC1 8200001 ) topus Cabie JL3 |eIn talled acroce IFR '

6 ! L V166011 a0-11 Tee liandle 805C

<. - - TAU b, Roll Tape o7

s- - - Vie-€or O Contriner (Pood Utrg Supp) B

e - - Pe=dil; Food et AN I Soad srowed

in special contalner on
NN

[ . SEB -2 0007 =79

. - - Al =0
o . R - A O07=00 In Fit coverails {jac.et) A1l
B . - - A I00= I In Fit Coveralls (pantc) Q71

Lo kag Ie

e - - MEVQL=9 A Sanda's (7 pr) N3

- . - MEIOL=0 3 5200 Sandut s (o prd 8¢,

a. . . - ME wiedl e d0s candale (> opr) 80,

o R . AEQO a0 Gedlns Sandat. (2 opr) &o

. 1 N MEGOL =0 - o =00u ) Candair Bon

- - CER 311007 =, O+ P.actic Rag 061

. L - COR <IN Commanders Checrlist IMIA

t. R R - SR Q06 Fiight Flan Ji. T

i L 1 - Vitar O, 11 Co:tniner Flt Data File Yl

) H - Vie=0J! 1wdall Ten Handle NIVEY

v . - s V1GaEOL S tolee Limiter Adapter Cnblee

s Len . A V16eGO10Le 01, -0, | Unbiiical Assy 877

-1

B . . s s Q ose Inlet Norzle GOt [=2n anbilical

(33 « R 3 036 ), lose Exhaact Noznte W10 | umbilicals

68 . V16601 06 3eis ) Sobra Cable e

(€9 N 1 1 V1oaBUl k3 | Cobra Cable T8

S . - R Vite£Jl i T-Adapter Plect LO0Q= Center Crewman cobra
eab i DNLY o Woied

e . ME 5 a0 LTet LIV Cmrtelden o8 e Tl nambers < N0
inctatled vor OV lel,
et light dnrnonanter

[ - - - o CUF o r = oall PN ombitica

. Made o: nylon. Fach onad

“Rerove belor e 1t remmer
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CREWCOMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

MSC FOAM L1128 (mak 67)(01)

" QUALTLTY STOWAGE
AREA PLANYYD [ OCF K- | OCP K- PART NUMRER NOMENCLATURF ITeEM REMARKS
LAUKCH foosha-1] 0021-1 NUMBER
i 1 1 ; 20, By G&N Long Eyepiece SCT 019
: ! 1 2012719 G&! SCT Eyeplece 016
. p : 1 1013019 SCT Prism Housing 0164
1 ! N 1 2012700 G&N SXT Eyepilece 17
R . N 201 M99 SXT Mirror Housing O17A
ot 1 1 SDB 33100065-201 G&N Optics Cover SXT U5k
LR N ] SEB 3310007~ Ot G&! Jdptics Cover SCT 055 pFound on aft bulkhead
arter J02l-1
- - - Vig=6I 1& Food Container "A" g1l
- - - V16601 16 Food Container "B" 816
- - V1660117 Food Container "C" 815
& - - V16-60:¢ i Food Container "B" 618
7 - - V16-691%1" Food Container 'E" 817
g b - SEB?3100031-101 Ring Sight 00
ba . 1 CEB33l000. 1~.07/. &£| 1€ MM Sey Cam with Film 001 bStowed on floor of area
’ 87, LEB for 0021-1
&g i " 1 SEB33100026=01 15 MM Power Cable WY  FStowed on I'.oor of area
82, LER
®C : 1 - SEB32100VL 1201 16MM Lenc 003 L
8l . N - SEB351000%%=-201 . MM Lenc 292
&8 1 : - SEB331000; 4=, J. 190 MM Lens OOk
&F i - SEB 100 1-700 Mirror Mtg Bracket 03
86 M - SEB3:100N . 000 16 MM Mrga:ine 002 =1 stowed in area W,
crew couch, on QUR4pe1
&4 N - SEB: 31000, s=. U1 10 MM Camera W06
tl N - SEB3:100032-201 740 MM Lens QJ9
& - - SEB32100020-035, 79 MM Magarine 210
“ld, =0
&K . i - SEB3 ~1J00cT~-201 Exp Dial Q11
oL . N - SER 5 11000084101 Spotmeter 019
oM 1 1 - EC <0175 Vascular Support 219
I i 1 - SEBL210003T=0 0L Binoculars 036
Sii N i - V16-T742031 Foam Cushion 1015
&n ! ) - V16-757058-41 Foam Cushion 1016
oh i ! - V16-7% 3110 Foam Separator 10164
8N 1 ) - SEB331000%0=-201 Filter (or camera) 053
82 - - 1 Non={'light Plastic Dust Cap L On gas chronatograph pyrc
connector
8. i i - Gas Chromatograph Not installed on W2l-1
) : i - V1633127 Crew F1t Data File Cont. 839 {
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LOWER EQUIPMENT BAY (CONT.)
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

MSC FORM 1725 (MAR £7)(0T)

STOUAGH R STOAGH
AR prALL=0 | OCk K- OCP K- PART IT0HF NOMENCLATURE TTEM REMARES
. O 3kA-1 | 001-1 NUMBER
9 1 1 - SDB 33100044 Landmark Maps O12F
o N 1 2 SDB 33100048 s/C Sys Data 012G Pone document found on
center couch, on on RH
girth sheif, area 4z
after 0021-1
o L 1 - SDB331000k7 Exper Check.ist V12H
J . L - SDB331000L°% Star Chart o121
K 1 1 - SDB331000L6 Orbital Map o123
[ 1 H - SDB331000% - Lavigation Checklist V128
10 : 1 - v16-60112% Tool Workshelf Dwr 802
19 1 i - V16-601145-.1 Too: "A” 803A
10 1 - V16-601480 Tool "E" 803k
) - V16~601 s10-21 Tool “"F" 803F
19 i N - V16-6011 2.-11 Tool "H" 603H
tu N - V16-601481-11 Tooi "J" 803
12 i - V166113521 Tool "L" €03K
19 . L - ¥16-601400 lfether 803M
19 i 1 - V16-6012L1-11 Dwr Assy with Worksheif 819
12 N N - V16=601400 worr JFood Shelf 20
1y . i - SEB1210004 Y=, J. Inspe-tion Mirrer o6&
1l : - EX750:6 Goggles 20k
i - - - BX74027 Mouthpiece C 05
oL & - SEB33100020-.70L, 790 MM Magarine 008
=202 or - V-
1! 7 7 - SEB33100022=, vt 16 M4 Magazine Ie
1 H 1 1 SD511076 MDAS 600
13 . H - SEBL210000k- 0L Physiological Monitoring!dt| oz
L : - 1hally Ucrt Clamo O
Ls . 1 - 14aul07 Urine Receptacie 038
12 ! 13 - Vel Oy Urine Filter Assy Jik
1 3 " - V16-601L21-101 Receptacle Assy Relief Tube 861
13 j 1 - V16-601526-11 Wrapper Assy Relief Tube 87
e 1. N - l4a0L12 Towels (Dry Utility) 031
19 - - 1 Non-{light Mounting Hardware for BIn plastic bag taped to
Panel 150 panel
Several - - - ton-filight White Room Tape =Over open ACE connectors
1.EB on 1L panels & over entry
Panels battery terminals
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RIGHT HAND EQUIPMENT BAY
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

SIMAGH RSN SRR ACY
R e L U PAKET NIRTWK NOMENCTALURY 1N REMARRS
PALY H O[O A ] ooct-d NUMIR
il vaeuum Cleancsr compartinent
i : ' - Vio=ttlo b Vacugn cine Bet Stow Bag Ay &
{. - ME L, a0 w2 OO0 Vieuwn Qe tebrein ing [SRURY
i - MEM I et sta WY e Suter Rag REH
Pt : : - ME €2 a0 e W Vacwwes ctae Germic Lde Poea B
i : - D TARSRS e tand R
’ Mediea! Acvensories NG Qo
h ! i - [EUAHO Bio e trareataton AC KUY A
{ s B - SEFRY PO Te ) Electrodes [ARRON
i o O - SERE, T - Mivropore Donk: [QARIT
¢ R B - ERTCARN] wet Wipe Toweis AR
i . . - SRR O e Pacte AR
f. ! t - SERL, 1000 el Stomn deal Dok O
i . 1 - SFRLCTOON - Qi Bio Inste Stowage dag SRR
f- \ i 1 Vitatslt ol vacuwn Cleaner Nossle RERYS
[ i ! - FA C0eie Nephelometer(Aemsel Mart'die) 01
T 10 e - Jibata e 10L Sanitation Supply Assy 81
I 1 1o - Va0t {81 Inner Feenl g 811a
[ W 1o - ME ~0e OO0 « 0L dermtelde Poueh Bl
i 1o R8] - MEMOL O] et Juter Feeal Bag B
i 1o 1o - A0 aled OJuter e Band RIS
e H \ - Phaoil Pry Uity Toweln 0it
h : - et 8 SVACham Cln Ret Stow tag Aoy B
(- - MELD. =008 0= W0 Vacuwn Jine Detris Rag RRURY
f . - MEOOL =0 a0 Feenl Outer Bag R
R : " - SRS RSV IV U vacua Cinr demabeide tvach REHTY
S : : - My Qs ™Me Pand R
I N N Viteto) s 8 Flect Adapters, teep RN
th \ 3 { Viv=t0l vt Adapter-CWa=Elect [ .
Th o . . Vet ML e cotpen Cable B |- 0n 0001=1, doth spares
renoved  from atowsage b
orew, both tound (u wwi

I santtation Supplies (onpt.
I 3 ! - Vie=toi il enal Moax San Sup Storage A 8.
I ! 1 - VIe«oO 1l «dl Toa San Sup Storage R S8
I \ 1 - Vioet0ll e i) Rox fan Sup dtorage B
T L - Vioetlilas1l canttation Supply Asuy t11
I o - Viteti $f8a11 luner Fecal Bag R11A
h . o - ME 2RO e WL demicide fvach RIGSL
i . - ME R =07 el outer Feonl Bng 811

ENCLOSURE 1 -8¢

D-1-39




4 - s * o . N - E x 2715 »,
g o LI .- T o "
B .
‘UL .
3
Ro
. .
RIGHT HAND EQUIPMENT BAY(CON'T) - -
A
.-
. r\
2
CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION
WEC 10AW 171N (gAd B0
STONARY SUAN D SIWAGE
7 ARVA PLANNEDY | OCE A |0 K- PART NUMs R MRy 1IN REMARSS
WA har e o] ot AR N
w w - Vit-tot, 101 Qutoer The Bond 211D
" A N - Vic-o01100-91 Cover R0
R 1 1 - Vitamido-ol cover wye
e \ - - Vie-t\16e Aux Fosd Comp RUFR ]
~
<l i | - Vie-o0] g Crow Flt Data Flle Containge RO
ey ) t \ - RIIRRD [ARNFA fys Bng chackliat orase
IR 1 1 N R RRETARRNN Minaton Lo & D.ote OLE FFount on T8 ond center
aomchen attter Q0011
oA N N 1 | IRTASRICRI PEEA (Voloe Reconder) L.inatalled in alternate
prattion - Primavy
tnatallation prattion:
tapod with "Boat Tapo®
RUSURAL B 0N
A 1 i 1 DEFA Adaptoar dable SNGt coniected o -]
2R - - ] Non-fitgh? Plantic Duat Capa -On pyro and clrcutt
intermpteor conmoctora
.
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AND HATCH

WSS roRM 1IN (At STH(ONY

FORWARD BULKHEAD, SIDEWALL

4 (13

FORWARD
RULNHEAD

SO
RiHER

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

STOWAGY QUAN I STRAGE
AREA PLANIFD | OCP K- | OCP K- PART NiMuek NORBMENCTATURY IT¥M REMARKS
) TAUNCH Jooshacy ] wo0t-1 N
i LHFREY~aloose Par' e compart.
WA 1 1 1 201h whaON1 Short Hardhold (AT
unr 1 1 1 20 b R0l {ony Hardleld b
e 1 1 1 Vie-33h100 ITFY Rot cone Mmnt £3]
(A% 1 1 1 11178 e N Tory Byerelfef tyopte s Oh
ot
L 1 1 i ThaOObe 0l Yetepriny water Vlcpenser how |kt cotrected o lose (o
O lel,  Hose ' tainy
covered Ty plast i tay
W RYFFEa Otow, Area -
Arvival Kits
t 1 1 V1R=AO13 =10 Cortairer urvival Kte sl
It 1 1 SERLOTOO01 1001 Ricksack Mo, oo [NRLYS
LeA 1 1 SEILQIOM010-01 Ricksa vk [ARLYY
Lo s N R 20538 Cortingt for urvival Arsy AR
e > 1t 1 SERLOT 000N =00 Pesalter Mt wtle's WONA
hed . > SEMOIAN 00 tesmlter Kit Process e [ARCYY
he-v N z SERIOIA T -0M ‘it e R ARSY S
e ¥ : 3 SERIQIOCON L slasses RRLY)
be 1 1 P5RR01H Radic: 'ea ot Agn OPhA
he Y 1 1 258305k o Tea son (pare e rery RARDY
Le 't 1 i £558aQ8, Hadio/ teaer WY Ars ALY
Le ! o N SERLOTOMO - 01 M ete O0RA
Lo K . 2 SENOIOONL.X Moete hear ALY S
e 1 1 EMOLXOCT 320 R -ksack fo, s
he A 1 1 SERIMTOMOL 0= 00 okamck [AASH
Lt D SERIOIO0O -0 Wter rtalrer A0
It ! 1 SERVLONOS =201 wWater o bLitairer [ARLY]
KT " ™ Water AN
e B } 3 SO ONLG RO WA e ot tals o S opperen O 6
Le ¥ 1 1 U ENSALR SR NI Medioal Kt (ALY
he * 1 1 SRISSAR Filler Matrial Oont
b t \ MEDR] 000 300\ dea WACHT W
b 1 1 Vieet: M3 70101 “ortalier vt ! IR
b 1 1 SPIRLOTAANT S0 R kea -k ay, (AR
hA 1 ! ARROTANOTY <201 R, Y-a b AR
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

POV AG o S ALY
ARMA PLAMY 0 OCE A= ] N PARD NOMBRE NR LoTATERY T REFMARKS
_ v [ ENTAT A RPN BRI MR
b i i RINEARE T RARS BN Tife WL R« 3 M ARSI
A 1 1 SPRIITAN O- 001 Tife WAt 1 t'lar ton Assy ARLI
b { ] SFROTAN 30O Jem AL ector AL
by [ t OFRLIOTANS- 001 Sea he o Marker N
[ { ‘ BTN AV VRN A Worret W
4 q { SFROTOOOLEL D01 [aryard 006
Wy 1 1 SRIOLNNOT e 0 Moorit e facsnad [\ALT
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[} : { SRR RPN Stmp Asay RACH
LR ! 1 Vit ot 013 3101 ortatrer urvival Kot RIS
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! 1 Vie- 1ahely { Ne: dezyous o
[N 1 MEGC] (WM qy
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

TPIS (AR =Yty

ST AGH B STOWAGH
AREA PLANIYO L X ~ K«§ J°F K- PAR DT N GG n NORENCLATURY ITM REMARKRS
TAUN *1 O A-L] Q00 1) NUMRER
i
N 1 N - EC 0= Intlight. Exerciser T
"\ K ! - SERL.LQOQ. el Ot InClight Exerciser Pooh R
* 1 MEDOL-QO 0. ¢ ™ dptics Contafner a1
. R i ME acd nadU ¢ ™V Coom Iene 8.8
! . . - Vitaudie] Bahdl Feeal Camufoter N
. - Vive i, 00 e PGA Stowage Bag AN
. - Vitcebllein Crew Waste pacxet o
' - Vietapdl, i oY Crew Rewtraint RN
- - Virardl on Pad Feeal Cannister NN
A Al va Skali Cap Avsy Qe
K . M AL dsialdd?” Srull Cap Assy Ols,
N . EEREICNNY Jauil Cap Ascy e
. . A Jloenly Head Cet e
Ao QL a0 Helmes Ctowage Jontadner R
' . Virer dile . wl Jleep Restralnt s
[o . . A Utowagy Bag s
b ' - - TOMM FLim Pace RN
’ : - MM Camern N
It R - Flog Jigle At
N . ' SOAS o
: - - AN M iy W
b , - - 1 MM Magnhsine RS2
i N PRUT IR PRGN JOAC Bult M
» N - Vinad o0 MM O R ot e
Yo . - LSRN Pen Lights REW
. - SER. IO e ) ool AL hl
o . . - [ ORRR N RLE P H FFY
- - IN Winet {gitt Volem plie toveping v, r s Instnl led to protect
Irstallation of ok avar . args jortion ol vrlero hooe.
Ul ight material aft bulrhead
Ae'i A - ME e ide0 L LIOH Cartrideg - rel JeCtowage CARnY Cter. not
fngtaland on . tel
S . 8 . ME el TRe LIOH Cartridee se
LoM,N < . - ME . let Ne ) LIdY Care e e e
1398 . ' . ME w)ied LOSR LIOY Cartriduen RN
AeoT o - - ME el L Ba LI Cartridgn Rl
T - . Nenmellignt Batt ry instruyw.lation SCtowd lnopan bl lag
Larle & Transti-er an At btiiehead
]
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CREW COUCHES GIRTH SHELF

CREW COMPARTMENT STOWAGE A

Wsc Fonw t11% (wat s¥y(ay

CREW COUCHES

ND LOOSE.EQUIPMENT CONFIGURATION

w7um magearine Br O03A-

FONEIEE QT STOWAGE
ARUA PLANID | OC K- P X- PART MMRER NOMENCLATURF ITeM REMARKS .
’ LAUNCH jooghA-1] doni-l NUMHEER
Crev 2 1 1 V16-6014T2=150 Couch Pad Assy 879
Oouched o o 2 v16-601472-161 Couch Pad Assy 879
b 1 1 V16-60147.2=1T1 Couch Pad Assy 819
2 2 2 V16601072181 Couch Pad Assy 879
3 1 1 V16=601470-191 Couch Pnd Assy RT9
3 % 1 V16=6014T2-201 Couch Paéd Assy 879
3 t i Vv16=60L4T. =11 Couch Pad Assy 879
3 3 3 V16=001L70=2710 Jouch Pad Assy 879
3 1 1 V16=601472«231 Couch Pnd.Assy 879
1 i 1 V16-601404 wire Run Cover 880
° o 2 V16=601i9° wire Run Cover 880
1 1 1 Vi6=601406-1 wire Run Cover 880
i 1 1 V16=601L96=" Wwire Run Cover 88v
1 1 1 MEGU} =025 T=0007 Restraint Asey 881
H i 1 MEJUL -009T-0009 Restraint Assy 881
t 1 1 MEJOL=029T =311 ReStraint Assy 881
- - 1 Nen-flight 0P K-00l1-1 Checklist -Found on LH couch after
QU2l-1 - Multilith
Process Paper
i e - 1 Non-r.ight OCP K-OOol-1 Checklist -Mzltilith process paper
) - 1 None<f1ight OCP K-0021-1 Checklist «Multilith process paper
3 - i Non-flight Maliunction Procedurvs - 2erox and Bruning pro-
Document cess paper in manila
folder,
b1 : 1 1 Vi6a3iTH0- Arm Reat, crew couch 871
8. - - 1 ton-r'iight Tubular Cover - on rotational hand cone
troller harnces
81 1 L 1 Rotational Controller
83 1 1 - RMK« 10VA Bmergency Medical Kit 022 |-Container only stowed on
Q211 *
8 1 1 1 v16-880007=21 Translation Cont. Mtg Bkt 86y
8 1 i - V16-880207-11 Translation Comt. Adapter 830
8. 2 2 1 Translation Controller 870
89A 6 6 - EC:3203 Tygsue Dispenser 030
858 )y 1 - EC33007 . sgue Dispenser 03
86 i 1 - y16=331128 IV Camera Mtg Bkt 8534
87 1 1 - v16- 331160 16MM Caners Mtg Bkt 853
89 |8 1 1 V16=531To>0=1 Arm Rést, Crev Couch 870
Zg 1 1 1 52833100021-20?/24 16 MM 5S¢ Camars ool |- Stowed on floor of area
Bz in LER for O0Rlel,

L
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[ CREW LOUCHES \

o

‘ CREW COUCHES GIRTH SHELF (CON'T)

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

WSS FORM 192 (MAn K73 (J1)

STOWAG SURNTTY STOWAGE
AREA PLANNFD | OCF K- | OCPF K- PART NWMREK NOMENCLATURE "1TEM REM K "
LAUNCH [oo3ta-1] 0001-1 NUMBER 1
N 1 1 - SER 331000 64201 70 MM Vuper Wide Angle Cam ou8 !
W H i - SEB33100046e.20] Y MM Lens, 16MM Cumera ouY d
[N} N - - SEB33100030-.01, O MM Film Magazine o
002 or -3
IV} . - - CEB33100UG 1270y Interrerence Filter RS ]
: ) : - - SEB33L000 e, Filter 230
. 0 : i - Vio=Tok - Vol “G" Foam Cushion a3
b 2 N - SEBs1OO U=, ) liare Filter (on camera) ]
[N] . - EL 170 Gugeles Assy o1l 3
ay 1 ! - ME.EV-0008-0001 Senwor Unite~Temp FEvaporatcr 884 -
un : 1 - V16-601501 =, 1 Tho. “P" Handle Ext. 8o :
ao i - - Vlo-T71 8 Floodiight SUlownge Ly o, ot towed 7
tor JuTl-1 it -
7 RN \ - - Vioeis, 0 2 Floodlight Cable H
e 1 - - V1o=T5H0080 Carera Brkt (-051) E
R t 1 1 V1oah 31740-, Amm Re.t, Crew Couch 871 Ly
i) 1 1 - Rotational Controller i
o - - 1 Non-tlight Dust Cay -Plastic = on 8C& ‘unctioe §
box connector
119 - - c Non-flight ‘oam Rubter Puds ~Covered with velortat, ;
clean rvom tape., laid r
over e strats it
i
|
K
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. CARRIED ON CREWMEN

FHE IR AT £ (0
=

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

(AU STOWACK
- vrase | ock K- OCY K- PART NUMRFR NOMERCLATURE ITEM REMWRKS
e LAY o o] eoctel N

- 3 3 3 A 1936-000 Pressure Garment Assembly 400 Fl per crewman
Kl 3 3 A 1912-003 Constant Wear Garment 401 1 per crewman
1s 14 14 RFB-OP-4-3-002 Passive Dosimeter 402 }5 per crewman
3 3 3 EC 30115 Penlights 403 b1 per crewman
1 1 R SEB12100033-201 Sunglasses 404 1 per crewnan
? 3 3 SEB12100034-201 Sunglass Puch 4LOLA |1 per crewman
kl ? K SEBL0100095-201 Life Vest L0% 1 per crewman
1 3 2 14-010% Urine Collection Device 476 Pl per crewnan
1 1 1 RFB~OP-4-3-003 Pocket Dosimeter 41, }On Senior Pilot
3 3 3 SEB12100029-001 Chronograph 415 {1 per crewman
K 3 3 SEB12102039-201 Watchband 416 }1 per crewman
& 6 6 SEB12102031-001 Marking Pen 417  }2. per-crewnan
[ 6 6 SEB12100032-202 Mechanical Pencil ({18 |2 per crewamsn
1 1 1 CSD 20542 Scissors 421 }Oon Command Pilot
I 2 2 EC 190 Scissors 219 |On Sentor Pilot and Pilot
1 pr 3 pr 3 pr Glove Inserts -1 pair per crewnan
2 pr 2 pr 3 pr Wrist Dams 1 pair per crewman
K 2 3 Neck Vent Dams -1 per crewmnan
3 2 3 Neck Dams -1 per crewaan
3 pr 3 pr 3 pr { A-1901-001 Heel Plates L1 pair per crewman
? pr 2 pr 3 pr | A-1902-001 Sale Plates 1 pair per crewman
1 1 1 EC 30045 Snroud Cutters- 422  HOn Senior Pilot
2 3 3 Combination Knife 1 per crewman
- - 1 Non=flight Ratchet Wrench LOn Command Pilot
- 3 3 Non-flight Peraonal Watchband -1 per crewuan.
k! 3 1 Bioinstrumentation System 407 1 per crewman

ENCLOSURE 1-8¢
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SPACECRAFT GSE INTERFACE DRAWINGS

ATTACHMENTS:
Drawing No,
1-D-0056-1
1-D-0056-2

1-D-0036-3
1-D-0056-4

1-D-0056-5
1-D-0056-6
1-D-0056-7

1-D-0056-8

1-D-0056-9

1-D-0060

1-D-0062

Title
SC GSE Status During T-10 Hold - 0021
SC GSE Configuration During T-10 Hold -

SC Range Launch Vehicle Interfaces T-10
(2 sheets)

SC. GSE Configurat:on During T-10 Hold -
Electrical

1.C-34 EPS-GSE Electrical (General)
Altitude Chamber SC GSE Configuration -
LC-34 ECS Airduct

SC. GSE. Configuration During T-10 Hold -
Mechanical

LC-34 ECS Water Glvcol,Oxygen GSE

0007.

~ 0021

0021

0034A

0021

ACE-S C Uplink (Command) Configuration T-10

Minutes OCP-K-0021 (Sheet 1 of 2)

ACE-S € Downlink (Monitor) Configuration T-10

Minutes OCP-K-0021 (Sheet 2 of 2)

AS-201 Astro Comm Circuits

ENCLOSURE 1-9
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SPACECRAFT AND GROUND SUPPORT EQUIPMENT

CONFIGURATION DURING T-10 HOLD

% ELECTRICAL POWER STATUS

| MAIN BUSS POWER —---mc--m-m==m=mnmammmm=mmm==== EXTERNAL

‘ BATTERY BUSSES -ec-cmmmmmemmmmmmm oo omm mm = ENTRY BATTERIES
BATTERY RELAY BUSS -----mmcem=mmmmosmmcommmem = EXTERNAL -
PYROTECHNIC BUSSES —c-c-ommmmm=eommmommemommm== ARMED 3
LOGIC BUSSES m---m-mmmommmmmcmmecmamcmmmmmmn=nn ARMED {
EMERGENCY DETECTION SYSTEM BUSSES ~---=-=====--= ARMED ’
SERVICE MODULE JETTISON CONTROLLERS --==----=--- OPEN CIRCUIT TO

SM BATTERIES

NON-FLIGHT CONDITIONS

CONDITIONED AIR WAS BEING BLOWN INTO COMMAND MODULE BASE AREA

CRYOGENIC TANKS EMPTY

NO PROPELLANTS, HELIUM, OR NITROGEN ON BOARD

WATER GLYCOL RETURN SHUT OFF VALVE (SM) HELD OPEN BY EXTERNAL
POWER

PYROS SHORTED, CONNFCTORS TIED BACK

COMMAND MODULE OXYGEN SUPPLIED THROUGH ONE UMBILICAL LINF

1-D-0056-1

EMCLOSURE 1-9a
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E. SUPPORTING DATA

& LIST OF REFERENCES

The following documents are reterenced in this report and are available trom the Apollo 204 Review
Board, General File.

Number Reference
1-1 ““Spacecraft 012 Configuration Index™, Jan. 29, 1967, North American \viation. Inc.
. Process Data Report No. U487-16; Panel 1 Reference No. 1-1).0006
1-2 “"Spacecraft 012 Indeniwred Parts List™, Jan. 28, 1967, North American Av.ation, Inc.

Process Data Report No. U487-14: Panel 1 Reterence No. 1-1)-0007,

1-3 “Apollo Interface Document. Instrument Unit 1o Spacecratt Phvsical Requuenents™,
Saturn Apollo Mechanical Integration Panel, TCD 13 M 20108 Panel 1 Reference No.
1-D-0097.

1-4 “Interface Control Document Definition ol Saturn SA-204. and Apollo S ¢ 012 Elect-
rical Interface™. Apollo Saturn Electrical Panel. 1GD 40 M 37508A; Panel 1 Reference
No. 1-D-0096.

1-5 “Launch Complex 34 Checklist. FO KN TOG1T. Oct. 23, 1966, North American \via-
tion. Inc.. (Panel 7 Data).

1-6 “GhE Functional Integrated System Schemaios. Spocecralt 012 & 014, ETR L34,
Nurth American Aviation. Inc. Document No. (11900912 Panel 1 Reference No. 1-

! 7-0094,
1.7 “Launch Countdown. DPrelimmary Review Document. FO-K-0007. Jan. 17. 1967,

North American Aviation, Inc.; Panel 1 Reference No. 1 D-0100.

1-8 UInter-Center Interface Control Documet: Log™ . Monthly Publication. Marshall Space
Flight Center. NASA: Panel 1 Reference N | D-0102,

1-9 “Space Vehicle Plugs Out Iutegrated Test, FO-K-0021 17, Jan. 25, 1967, North \m-
erican \viation, Inc.: (Panel 7 Data)

1-10 USummary of Spacecralt Contiguraion Difterences *, Apollo 204 Review Board. Spacecraft
and GSE Configuration, Panel 1 Reference No 1.]).0008

1-11 “Spacecrat: M2 Configurauon Verificason Record (CAR; 7, January 28, 1967, North
American Aviatnon, [ne.. Florida: Facility V'R, Panel | Reference No. 1-1)-002.

1-12 “List of FO's Partially Accomplished Spaceeraft 012 at Tiune of Accident™. Panel 1
Reference No 1 D-0020

1-13 “EOS Outstanding Against 8 € 012 N a0 Florida  Faailin CVR Tab Run’, Panel
! Reterence No. 1 D 002

1-14 “Spacecraft 012 Test and Neceptance Tnspection Peport UATE © Panel 6 Datan

ENCLOSURE 1-10
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1-15

1.16

1-19

1-20

1-21

1-22

1.23

1.24

e T Cr R T A TR SN L e R e N R T T

**Spacecraft 012 Controls Configuration’’, Panel 1 Reference No. 1-D-0058.

“*Comparison of “/C 012 Operational and Experimental GFE/CFE Stowed Equipment
for K-0034A-1 and K-0021-1, Letter from CF22/Team Leader, Apollo 204, to Chair-
man, Panel 1, February 21, 1967. Panel 1 Reference No. 1-D-0099.

“Items on.Crew at Ingress’”, R. A. Mitchell, February 6, 1967, Panel 1. Reference No.
1-D-011.

“Initial Report on $/C Configuration™, February 1, 1967. by W. F. Edson and C. D.
Gay; Panel 1 Reference No. 1-D-0003.

**§/C/GSE Configuration Comparison”, Panel 1 Reference No. 1-D-0093.

“*Support Operations Investigation, AS-204 Incident, Panel No. 1 GSE and Spacecraft
Configuration''. submitted by Chief, Launch Facilities Division, KSC, Panel 1 Refer-
ence No. 1-D-0095.

“Inveniory of Levels A6, A7, A8 (LG 34 Service Structure)'”, February 23, 1967,
Panel 1 Reference No. 1-1-0101.

*Report - Test Configurations of Remote Test Monitoring and Control Equipments’™,
Panel 1. March 9, 1967; Panel 1 Reference No. 1-D-0091.

“*Crew Abbreviated Checklist - Mission AS-204"", January 23, 1967. NASA Manned
Spacecraft Center: (Pancel 7 Data).

“Summary Comparison. $/C: 008 Thermal Vacuum Test No. 3 and S/C 012 Plugs
Out Test (OCP-K-0021)", March 10, 1967, Panel 1. Panel 1 Reference No. 1-D-0092.
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TEST ENVIRONMENTS PANEL

A. TASK ASSIGNMENT

"ﬂ‘

The Apollo 204 Review Board established the Test Environments Pancl, 2. The task assigned for L ¢
accomplishment by Panel 2 was prescribed as follows:
Provide history of all test environments encountered by this Spacecraft on a major assembly-
total assembly basis which arc germain to validation of systems from firc hazard standpoint. In-
clude appropriate ‘qualification testing of systems and subsystems. Particular emphasis should bc
placed on qualification tests in pure oxygen with regard to pressures, lemperature, time of ex- .
posure, and simulation of equipment malfunction. Indicate any deficiencies in this test program
related to the subject problem. Also, include comparison with previous tests of appropriate flight,

house, or boilerplate spacecraft. Any problems encountered related to fire hazard shall be docu-
mented.

B. PANEL ORGANIZATION

1. MEMBERSHIP
The assigned task was accomplished by the following members of the Test Environments Pancl:

Mr. W. F. Hoyler, Chairman, Manned Spacecraft Center (MSC), NASA
Mr. B. J. McCarty, Manned Spacecraft Center (MSC), NASA
Mr. C. F. Key, Marshall Space Flight Center (MSFC), NASA
aMr. C. O. Baker, North American Aviation, Inc. (NAA)
Ar. A. E. Toelken, North American Aviation, Inc. (NAA)
Mr. H. J. Dunham, General Llectric Company (GE)
Mr. C. M. Nolen, General Eleciric Company (GE)

2. COGNIZANT BOARD MEMBER
Mr. G. C. White, Jr., NASA Headquarters, was assigned to monitor the Test Environments Panel.

C. PROCEEDINGS

1. GENERAL PROCEEDINGS

_ This Pancl planned and implemented a review of all tests for histories pertinent to the investiga-
tion. Attention was focused primarily upon oxygen test histories of the crew compartment systems. and
arcing and shorting problems experienced during thosc tests. However. .all environments were reviewed
for rationale used in original derivation. substantiation by ground. and flight vchicle tests. and margins
imposed when implemented into component level tests.- The other environments were examined as possibly
being germain to the cause of the accident from an indirect standpoint. These reviews included the
vibration, heating, and humidity environments.

The qualification tesis were reviewed at MSC and involved examination of more than 1000 docu-
ments. The vehicle level tests were reviewed at NAA. Downey. California. and included a review of
another 500 or more related documents. Summaries of these efforts were reviewed by the Panel at
Kennedy Space Center (KSC) to seck out any test program deficiencies.

N Other related oxygen fires which have occurred in and out of the Apollo Program were investi-
gated to determinc arcas of similarity.

_ The difference in qualification, or component level tests. and flight vehicle tests should be pointed
' out before the discussion of testing which follows. In the qualification tests, the component is subjected

to design limit conditions sequentially and. or simultaneously. is essentially worn out by the end of its

test program. and is never flown. In vehicle level tests. a considerable amount of functional testing is

D.2-3




performed, but always under nominal conditions, rather than design limit conditions.

2. OXYGEN TEST HISTORY

Summarics of oxygen test history are given by Enclosure 2-1, for Spacccraft (8/C) 008, 009, 011,
and 012, and by Enclosure 2-2 for component level tests. Details of these histories (References 2-4 and
2.5) are in the Apollo 204 Review Board General File.

The Certification Test Specification (CTS), SID 65-1210, recognized that ground operations would
involve short duration high pressure oxygen exposurc. It specified 14.7 pounds per square inch absolute
(psia) pressure of 95 per cent oxygen for four hours, and 21 psia with 14.7 psia partial pressure oxygen
for two hours. Although few subsystems experienced this requirement in the component level tests (En-
closure 2-2), most cabin subsystems were exposed to this environment in the S/C 008 tests (Enclosure
2-1). About half of the components of the Environmental Control System were tested to the MIL-
STD 810 exposure proof test, which is a somewhat more positive test against fire hazards than is
oxygen cxplosure per sc.

The original CCOH ((combined contaminant, oxygen, and humidity) test was established in early
1965. It was unrealistic, being based upon MIL-STD 8l 0 which is established as an accelerated test .
of the atmospheric conditions an aircraft would experience under. years of service in sea coastal re-
gions. The Apollo §,C is maintained in a controlled atmosphere during manufacture and at KSC. Be--
cause of this, eatly in 1966, the test was established as being 8 hours of salt spray, 50- hours of dry
oxvgen exposure at b psia, and 120 hours of humid oxygen: exposute. Cold-plate mounted equipment was
temperature cveled during the humid oxygen exposure.

Nearly all of the cabin electrical equipment was subjected 1o the CCOH test, or to the MIL-
STD 810 cxplosion proof test. Some were not actually tested. but were qualified by being similar in
design to another tested component.

3. VEHICLE TEST COMPARISON

During S/C 008 testing. the cabin equipment was exposed to approximately 18 hours of oxygen
cxposure (6.5 hours unmanned, 11.5 hours manned) at concentrations of 90 per cent or higher and
pressure of one atmosphere or greater. S/C 012 experienced 8 hours and 30 minutes of manned test-
ing under similar oxygen concentrations and pressures. Neither S/C 009 nor 011 were subjected to
oxygen concentrations above 75 percent during either ground testing or flight.
4. ETHYLENE GLYCOL LEAKS IN COMMAND MODULE 0i2

Command Module (C/M) 012 experienced. water/ethylene glycol leaks and spillages. This is re-
ported in detil by Panel 8. Panel 2, concerned that the connectors had.been broken open during
the cleaning process. recommended test requirements to Panel 16 to verify the effectiveness of the clean-
ing techniques. .

5. ARCING AND SHORTING PROBLEMS

The evaluation of anomalies considered relevant to possible causes of, or contributors to, a fire
was focused on C;M 012 checkout and test experience, and the certification test program. All discrep-
ancy and failure records at NAA and KSC were reviewed to identify arcing and shorting anomalies.
The review included both resolved and unresolved anomalies so that the corrective action planned or
taken could be reassessed. The significant anomalies were then classified as either likely or remotely
possible candidates relative to possible bearing vn a spacecraft {.e.

Although many hundreds of records were reviewed in the course of this anomaly investigation,
only those considered most significant  are included in this report. Enclosures 2-4 and 2-5 summarize
these anomalies encountered during certification testing and C/M 012 testing. respectively.

6. EQUIPMENT USED FOR TEST ONLY
G/M 012 was configured with some cquipment which was installed for test only. This equipment,
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necessary to monitor test parameters or permit system operation, etc.,during ground tests, would be
replaced with flight hardware or removed prior to launch. However, investigation disclosed some equip-
ment of this nature remained in the crew compartment during manned ground tests. Equipment fall-
ing in this category was reviewed for aspects of test history and failures which might reflect a possible
cause of the accident. Two of the items of this type which were.on C/M.012 and perhaps relevant
to the accident were the Elapsed Time Indicators and the Lithium Hydroxide (LiOH) canisters.

Elapsed Time Indicators (ETI) required to measure the total operating time of selected subsystems
were installed on 15-units of cabin equipment. By virtue of their requirement to record total operating
time on limited life equipment, they remain installed at all times until just prior to flight. Test history
of the ETI’s indicated that in one case a fire hazard existed. An ETI on the Caution and Warning
System had failed by shorting and was found distorted and cracked due to excessive heat. Subsequent
examination of C/M 012 absolved the ETI as an area of concern.

LiOH canisters installed in the Environmental Control System (ECS) were being utilized for test
only. This type canister had previously failed certification tests due to powdering of LiOH pellets under
vibration.

Equipment which was not required to be on-board during flight did not. reccive the intense and
repeated scrutiny imposed on flight hardware. This was recognized by restricting the usc of non-flight
hardware.

7. OTHER OXYGEN FIRES

Data and documentation on four non-Apollo manned experiments in which there were fires were
accumulated and reviewed. Failure and trouble reports or: two Apollo ECS explosions and one Apollo
ECS fire were reviewed. This review was summarized (Enclosure 2-6) and forwarded to Panel 5.

8. ENVIRONMENTAL REQUIREMENTS

Environments, other than oxygen exposure, werc reviewed to seek out any possible deficiency that
may have contributed indirectly to the accident.

a. Temperatures.

Temperature requirements were derived from wind tunnel data and heat transfer analyses,
then later substantiated and/or modified by ground vehicle test data (S/C 008), and flight data.
Flight data from S/C 009 and 011 boost conditions indicate Service Module (S/M) shell temper-
atures of about 200°F which is within the 400°F design temperature.

The $/C 008 vehicle was tested in a vacuum chamber, with solar heat generators and cold
walls. to verify orbital temperaturc distribution. These tests confirmed. that the equipment in the
C/M will experience temperatures in the +30°F o +90°F range. The equipment is qualified to
temperaturcs from +5°F to +145°F.

b. Acceleration

Acceleration test levels were defined on the basis of maximum conditions expected during
boost, entry, and abort. The peak acceleration during ascent occurs just prior to first stage separ-
ation and is 4.9 g along the x axis: lateral accelerations are much lower (1.85 g maximum at
lift-off). The peak acceleration for the mission occurs during abort or entry, and is expected to be
10 g. Test conditions are typically 6 g along cach of 3 mutvally perpendicular axes for S/M
equipment and 20 g for C/M equipment. Acceleration levels experienced during the S/M 011
flight were well within expected limits.
¢. Vibration

In this arca of testing for the effect of repeated stresses there are nade - offs between the level
of stress introduced by vibration and the number of times stresses of a given level are repeated.
Thus, a given level for a given time may be a proper simulation of a higher level for a shorter
time period and may give a more useful answer than the latter. These facts are reflected in the
qualification test program for the 012 Spacecraft coinponents.
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(1) Apollo Program Testing

The vibration levels for qualification testing of components were originally established on
the basis of data from other programs. Thesedata were used to define a spectrum of flight vibration
levels which would be expected along each axis of the Spacecraft throughout the frequency range
of 20 to 2000 cycles per second. The components were qualified by subjecting them to a random
vibration throughout this frequency range at .the expected flight level. The length of these tests,
which was 15 minutes along each axis, was several times the expected duration of vibratory exci-
tation during atmospheric flight. Some component vibration tests were conducted using electro-
magnetic shakers and the remaining components were tested with acoustic excitation.

Ground test Service Module 006 and Service Module and Command. Module 007 were
acoustically excited in a reverberation chamber at a level which corrcsponded to the estimated .
external vibration levels which would be applied to the complete Spacecraft in actual flight. These
tests showed that the interior vibration levels which were experienced by the components were high-
er than the originally established criteria. New criteria, corresponding to the levels obtained in
these ground tests on 006 and 007, were established and all components were requalified to this
higher expected flight level. The duration of.the new component qualification tests was decreased
to one-third, that is, from 16 minutes per axis to 5-1/3 minutes per axis. The 5-1/38 minutes dur-
ation is still three times the amount of time the Spacecraft .will .experience significant vibration levels
during the ascent flight out of the atmosphere.

The flight test data from Spacecraft 002, 009, and. 011 verified the flight vibration level
criteria used in the ground tests of 006 and 007.

Components used in flight spacecraft are given flight acceptance vibration testing which
is like the qualification testing except that the vibraton level is 25 per cent of the expected flight
level and the duration is only about one (1) minute.

No complete flight spacecraft, including 012, was given flight acceptance vibration tests.
(2) Vibration Test Philosophy

There are two basic philosophies regarding flight acceptance vibration testing. Some be-
lieve that flight acceptance vibration tests are an essential tool in verifying that a component or
system of proven design (proven in qualification testing) does not have workmanship defects. Others
believe that flight acceptance vibration tests of actual flight hardware may degrade the equipment
and produce incipient failure. This possibility of potential degradation of flight equipment is very
real. A dilemma is presented, therefore, in deciding how to best insure reliability of flight hard-
ware and to balance the risk .of having undetected defective hardware against the risk of creating
an incipient failure in the acceptance test. This dilemma is particularly acute in manned flight
programs.

At the component level, this risk was balanced on the Gemini program by acceptance
testing at 75% of the expected flight level and on Apollo by acceptance testing at 25% of the flight
level. Both programs tested the components for a duration of one (1) minute in each axis. The
reduced levels and durations of the tests were such that defective items would likely be noted but
the risk of creating incipient failure was minimized. In Gemini one complete flight spacecraft (No. 2)
and the first manned flight spacecraft (No.3)were subjected to 75% flight level vibration testing.
This testing revealed no design or workmanship deficiencies. At that time, it was decided to elim-
inate testing of the follow-on Gemini Spacecraft. In Apollo, no complete spacecraft intended for
flight has been given vibration acceptance tests.

d. Shock

Shock levels for the C/M and S/M were determined analytically and then modified by flight
and landing impact test vehicles. There are no significant flight shock levels for the S/M and the
Service Module/Lunar Module Adapter (SLA). The C/M equipment is tested to shock levels of
78 g's. The maximum shock level measured was 75.8 g's on the main display console during
drop number 104 on S C 2S-1. which represented a ‘“‘worst-casc’’ water drop.
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e. Test Levels on Two ECS Components

- As typical examples, the following are some of the specific environmental test levels imposed
on two Environmental Control System components during the qualification test program:

Service Module Command Modulel !
‘ (Nitrogen Regulator Used (Oxy.gfen Flow Re §tr1c ter f
as Typical Component Utilized as Typical £
Component) i *
b,
'. Temperature 0 - 200°F. Fluid flow governed temperature t
extremes on this item, rather than ;
the cabin atmospheric temperature :
i
Vibration 0.1 g2/cps 0.06 g2/cps, g
90 ~ 250 cps, decreasing 80 -~ 400 cps, decreasing ;
to 0.012 at 2000 cps 3 db-oct. to 2000 cps ’
Acceleration 7 g's along the longitudinal axis 20 g’s, 5 minutes per axis
Shock Not applicable 78 g's (ECS equipment also
receives tumbling abort shock
test)

f. Results of Environmental Review

In reviewing the environments, and the manner in which they were implemented into tests,
it appears there is a2 fundamental difference in philosophy in the way Apollo and Gemini programs
wreated the vibration environment.

There are two prevailing philosophies concerning acceptance vibration. Some fecl that vibra-
tion is a very effective acceptance “‘tool’” for exposing defective workmanship. They teel that flight
hardware should be acceptance tested at expected flight. level vibration for a short period, but
only if the cquipment is qualified to flight levels for long periods. Others feel that if the flight
cquipment is vibrated at flight levels for acceptance. it will be degraded.

In the Gemini program the former philosophy prevailed. Equipment was qualified to greater
than flight level vibration for 15 minutes per axis. which permitted several one minute acceptance
vibration tests. The Apollo program qualifies equipment to vibration for only 320 scconds per
axis. which permits only limited high level vibration acceptance tests.

Iigh level vibration acceptance tests cxpose amplitude sensitive faults in wiring conncctors,
such as cold solder joints. These faults. if not exposed and corrected. can eventually be manifested
as failures by subtle combinations of other environments, such as pressure-temperature.

D. FINDINGS AND DETERMINATIONS

1. FINDING
All crew compartment equipment was not tested to be explosion proof.

DETERMINATION
There was insufficient testing of possible ignition sources.
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2. FINDING

Crew compartment equipment of C/M 012 was exposed to water ethylene glycol contamination.
Untested cleaning techniques were employed for that equipment discovered to be wet.

3. FINDING

Some of the C/M cabin equipment exhibited arcing or shorting during either certification or S/C
012 testing. There.is no positive way to determine from the records reviewed whether S/C anomalies

(possibly caused by a short or an arc) are reviewed by systems engineers and the test conductor prior
to a test.

DETERMINATION
Review of possible ignition sources prior to manned testing was inadequate.

4. FINDING

Not all equipment installed in C/M 012 .at the time of the accident was intended to be flown.
Some components were installed for test purposes only.

DETERMINATION
The suitability of this equipment in the C/M for this test was not established.

5. FINDING

Non-certified equipment was installed in the C/M at the time of the accident. The ‘‘cobra cable”
P/N V16-601263 and *“T** adapter P/N V16-601396 are examples.

DETERMINATION
The suitability of this equipment in the C/M for this test was not established.

6. FINDING

The design required the mating and demating of *‘hot” electrical connectors as normal crew pro-
cedure. Changing to a spare *‘cobra cable’" is an example.

DETERMINATION
The practice of breaking *‘hot”" electrical circuits introduces fire initiation hazards.

E. SUPPORTING DATA

This section contains the following Enclosures to which Section C refers:

Enclosure
2-1 Vehicle Test Summary
2-2 Summary of oxygen test history of component level tests
2.3 Not Used
2-4 Summary of significant certification test anomalies involving possible ignition sources
2-5 Summary of significant G/M 012 anomalics involving possible ignition sources
2-6 Summaries of other oxygen fires
2.7 Glossary of terms

2-8 List of References
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SUMMARY OF OXYGEN TEST HISTORY OF COMPONENT :
LEVEL TESTS

Y 2neal

Total Equipments in Cabin by Subsystem which Use, Control or Distribute Electricity

SUBSYSTEM NUMBER NUMBER RECEIVING EXPLOSION TEST
Pyro Devices o 0
Sequence Systems 6 . 0
Environmental Control 68 32 Received MIL-STD 810
System (ECS) Explosion Proof Test
16 Qualified by Similanty
Crew Equipment 3 0
Stabilization & Control 12 11 Received 02 Test at 14.7 psia
System (SCS)
Guidance & Navigation 19 18 Received OgTest at 14.7 psia
(G&N)
Instrumentation 12 0
Communications 32 14 Received 02 Test at 14.7 psia
Electrical 47 0
Displays and Cont. 14 0
Subtotal 215
GFF 15 3 Received MIL-STD 810

Explosion Proof Test
1 Received g, Test at 14.7 psia

TOTALS 230 96

35 Equipments received MIL-STD 810 Explosion Proof Test

414 Fqupments received Oxygen Tests at 14.7 psia.
G&N Oxygen Test duration was 22 hours. All other Oxygen Tests were 4 hours duration.

Remaining equipments received oxygen tests at 5 psia pressure, with duration varying from one
hour to 640 hours. Most of the ECS components were tested for 640 hours,

ENCLOSURE 2-2
D-2.1n
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SUMMARIES OF OTHER OXYGEN FIRES

A review of one unmanned and four manned experiments in which there were fires shows that the
exact ignition source in four of the fires was undetermined. They were believed to be electrical in
nature. The only fatalitics . occurred. in the two accidents in which there was a flash fire. In all five

fires, inadequate safety precautions had. been taken to.cither prevent or extinguish the fire or to protect
the occupants.

BROOKS AIR FORCE, BASE, SEPTEMBER 9, 1962

A fire cccurred in the Space Cabin Simulator at Brooks Air Force Base on September 9, 1962,
Test conditions. were & psia 100 pereent  oxygen and the test had been in progress fourteen days
at the time of the fire. The odor removal system used activated charcoal and the Carbon Dioxide
(COvy removal system had an aluminum cover and consisted of a 300-pound bed of a mixture of 8-
percent calcium hydroxide and 20-percent barium hydroxide. The Environmental Control Sysiem cir-
culated cabin air progressively through the hydroxide, the charcoal, through the temperature controller
(electric heater and refrigerant evaporator coil), then through an aluminum duct to the circulation. fan.
From the fan. ducts distributed air. over the area behind the electronic test panel (cyclomotor). The
air then leaked through openings in the panel back into the cabin. Both occupants wore pressure suits
and onc was asleep. Immediately upon noticing a glow behind the cyclomotor, one occupant awoke
the other, grabbed a COqo extinguisher, and fought the fire untjl he collapsed from smoke inhalation.
The awakened occupant immediately opened his face platc with the apparent intention of donning an
oxygen mask. but he collapsed from smoke inhalation before he could get a mask or assist in exting-
uishing the fire. Both occupants were treated for smoke inhalation and neither reccived burns. There
was no flash fire and damage was confined to the end of the chamber in the vicinity of the cyclo-
motor. Photographs of the aluminum duct immediaicly downstream of the temperature controller show
definite signs of an implosion - explosion in the duct with a three-inch to four-inch diameter hole
burned through one duct wall at the center of the imploded arca. This was never fully clarified during
the investigation and testimony revealed insufficient fuel had been consumed (burned) in the vicinity
of the holc to melt the aluminum. Testimony also revealed that a small cexplosion could. have occurred
in the duct without being heard by cither of the helmeted occupants. The investigating board con-
cluded that the most likely source of ignition was a short or arc in an undetermined clectronic com-
ponent behind the cyclomotor panel.

BROOKS AIR FORCE BASE, JANUARY 31, 1967

A seeond fire occurred on January 31, 1967, in the same Brooks Air Force Base facility described
in the first accident. Test conditions were 7.2 psia 100-percent oxygen. The test was in the first day
of a planned 67-day test to study - hematology of 16 rabbits. Two men had been. in the simulator 12
minutes at the time of the fire, which was fatal to both. Both men suffered sccond and third degrec
burns over 90 percent of their bodics. An outside observer witnessed a flash fire which engulfed the
chamber. A final report by the investigating.board is at present unavailable and details of the facilicy
design. and its differences with the. design at the time of the 1962 firc, are therefore also unavailable.
However, progress reports of the investigating board have provided the following information. Examina-
tion of the blower motor after the fire showed that the impeller was binding against the motor casc
and application of power to the motor resulted in blowing the fuses. Relationship of the motor mal-
function to start of the fire has not yet been determined. The motor was downstream of the COo
absorbent bed. A short has been positively identified in an unspecified electrical fixture. The unanimous
opinion of the investigating board and its observers-advisors and consultants is that the most probable
cause of the fire was the existence of a combustible atmosphere within the chamber. The combustible
atmosphere is believed (by the board) to be primarily hydrogen and possibly included hydrocarbons
as a result of the animal experiment. Experiments conducted on-site have conclusively shown that the
COo absorbent reacted with water and aluminum and g-nerated hydrogen. The ducting and the COo
absorber materials are the same as at the time of the 1962 fire; i.c.. 80 percent calcium hydroxide and
20 percent barium hydroxide in aluminum ducting. There is evidence of intensc heat in the CQo ab-
sorbent bed and intense exothermic chemical reactions were present in the air conditioning duct. This
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can be explained by an additional reaction which would have resulted from aluminum and iron oxide
being reacted in the presence of a hydrogen-oxygen flame which can cause fusing of metals such as
stainless steel, chromium, and other metals. This is known as a ‘thermite reaction’”’ and the AF Ma-
terials Laboratory has determined that it can be initiated at 2352°F, the reactants being stainless steel
and oxygen. The reaction is self-sustaining and reaches a temperature of 2550 to 2650°F. The reaction
is suppressed in the presence of steam or about 35 percent COg. A possible source of the initiating
temperature is the burning tape which was around the top of the CO9 absorber filters. This tape can
initiate theoxygen/stainless steel reaction in three seconds. in 14.7 psia oxygen, but its burning tempera-
ture is as yet unknown in 7 psia oxygen. The COg fire extinguishers were not removed from their
holders and examination of the three oxygen regulators show no indication of malfunction. Ignition
sources were considered by the investigation board to include an arc from an electrical short, an elec-
trostatic spark, a friction spark, spontaneous oxidation, heated surfaces (particularly those which might
have been in the COQg absorbent bed), heated surfaces from friction.or hot wire, the electrical motor
downstream of the COy absorbent bed, clothing which might have ignited on.contact with a heated
surface or as a result. of spontaneous oxidation, or ignition of a sponge, chair cushion, or rabbit fur
from either an electrostatic discharge or spontaneous oxidation. A short in a lighting fixture wire was
determined. to be the most probable source of ignition.

NAVY EXPERIMENTAL DIVING UNIT, FEBRUARY 16, 1965

A fire occurred in the decompression chamber of the Navy's Experimental Diving Unit (EDU)
at Washington, D.C. on February 16, 1965. Conditions at the time of the fire were 28-percent oxygen
36-percent nitrogen. and 36-percent helium at a total pressure of 55.6 psia (92 feet depth) or an
oxygen partial pressure of 15.6 psia. About eleven minutes after entering the chamber (via a lock)
from an adjacent chamber at 126 psia (250-foot depth) onc of the divers reported the fire. Two ob-
servers at a viewing port observed a fire four inches in diameter and two feet high coming from the
COg scrubber immediately prior to a flash fire which engulfed the entire chamber. During the next
minute, chamber pressure rose to 130 psia (260-foot depth). Attempts to rescue were unsuccessful and
both occupants died. The COo scrubber was portable and was designed for use as an emergency
device for submarine atmospherc control and consisted of a tub containing six cylindrical tubes. The
center tube contained the fan motor and outer tubes contained four COg absorbent canisters and
one filter element. Flow of chamber air through the scrubber was down through the four absorber
canisters and up and out through the filter unit. The absorber elements consisted of a cylindrical metal
can with metal screens on ecach end. The metal cylinder and screen materials are unidentified. The
absorber chemical was the same as that in usc at the time of both Brooks' fires; i.e., 80 percent cal-
cium hydrovide and 20-percent barium hydroxide. The ““tub’ which housed. the entire scrubber assembly
was made of an unidentified metal. The filter element was made of convoluted paper (probably Kraft)
cylinders supported on the inside by a perforated metal (iron) cylinder and at the ends with stamped
aluminum covers cemented to cardboard rings which are in turn cemented to the convoluted paper.
Each unused unit weighs 2.1 pounds of which paper and cemented end rings comprise 1 pound. In-
vestigation determined that primary use for this filter was in hydraulic systems and in the fuel systems
of jet aircraft, and that common practice is to test cvery single filter element by immersion in an
organic liquid and, while submerged, blow air through the filter to see if flaws existed at the seals
of the paper. Tests were performed on two unused filter elements identical in design to the accident-
involved filter. An acetone extraction on one showed that it probably contained about 0.3 to 0.4 pounds
of kerosene-like liquid. This is consistent with the filter specification which lists maximum dry unit weight
at 1.8 pounds. This also shows that the dry weight of the paper and end rings is 0.7 pound, arrived
at by subtracting total wieght of metal (2.1-1.0=1.1) from the 1.8 pounds total dry weight. A sccond filter
was placed in a COs scrubber. without Oy absorbent installed and operated for 2 hours. From this
test, it was determined that the volatile liquids would be removed from the filter in 5 to 10 hours
depending upon temperature and flow rate through the unit. The accident-involved filter was one of
two supplied with the scrubber which had 1-1/2 to 2 years of intermittent usc and the time logged on
cach filter is unknown. The used filter not involved in the accident had no “hydrocarbon’ odor and an
acetone extraction of the paper revealed a weight loss of only 10.2 percent compared to 36 percent loss
on an unused filter. Samples from the used filter and an unused filter were subjected to high-frequency
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discharge (Tesla coil) in a strcam of .oxygen. The unused filter ignited casily and the flame spread
rapidly whereas the used filter required 5 1o 7 seconds of continuous discharge, ignited at the edge of
the paper, and did not burn readily. From thesc tests, it was concluded.that most or all of the easily
ignitable material (hydrocarbon) had been removed from the filter by use prior to the EDU fire and
that a rather strong ignition source would have been required to ignite it. A bench test of the scrubber
motor after the fire showed that it ran at a reduced speed and rapidly overheated, the condition being
. caused by faulty operation of the centrifagal throw-out switch which resulted in the motor running on

starting windings. The EDU had no provisions for odor removal (such as activated charcoal). The fire
\ caused extensive damage including complete consumption of untreateed cotton terry-cloth -bath robes
and about twelve feet of flexible air conditioning duct made of fabric-covered spiral wire. Untreated.
cotion mattresses with flame-proof covers were partially consumed. About five feet of the rubber on the
unarmored electric cord to the portable scrubber was consumed as was rubber of armor-covered cables
directly above the Qg scrubber. A simplified calculation by Naval Research Laboratory personnel
showed that the pressure rise experienced during the fire would have caused a 761°F temperature risc
and that the temperature rise would require the burning of only about 1.1 pounds of cellulosic material, .
i.e., cotton or perhaps wood-based paper in the filter. The.investigation concluded that the most pro-.
bable . causc of the fire was the overheated scrubber motor causing spontaneous .ignition of the filter
element in a high-oxygen atmosphere. Fire extinguishing equipment consisted of a bucket of sand and
a bucket of water, neither of which was used.

pR-

NAVY AIR CREW EQUIPMENT LABORATORY, NOVEMBER 17, 1962

A fire occurred. in thc Navy's Air Crew Equipment Laboratory (ACEL) on November 17, 1962.
Test conditions were 100 percent oxygen at 5 psia and the fire occurred on the 17th day of the test.
The fire started on the insulation of the ground wire to a light fixture. The ground wirc was loose
and an arc ignited the insulation. One of the four occupants tried to smother the fire with a towel
which also ignited. Further attempts with an asbestosblanket resulted in ignition of the blanket and
clothing worn by occupants. Subsequent attempts by all four to extinguish fire on the clothing of others
resulted in the ignition of the clothing of all four, generally on the sleeves and pants legs. Cne occu-
pant’s hand caught en fire. All occupants escaped in about 40 seconds after first report of the fire
and all were treated for first and second degree burns over 15 to 20 percent. of their bodics. Immedia-
tely after exit of the occupants the door was closed, the chamber taken to 80,000 feet and purged for
20 minutes with Qo to extinguish the firc. There was no flash fire and there were no extinguishers
in the chamber. B

APOLLO.ECS FIRE AT AIRESEARCH TORRANCE FACILITY, APRIL 28, 1966

A fire occurred in an unmanned qualification test of the Apollo Favironmental Control System at
Torrance, California, on April 28, 1966, Test conditions at, and 23.5 hours prior to the fire, were 100
percent oxygen at 5 psia. Prior to bringing the test up to 5 psia, the test had included 2456 hours
at 10-4 millimeters of mercuty (Torm). The investigating board concluded that the most probable cause
of the fire was failure of a commercial quality strip heater used to add heat to the stcam duct. The
strip heater used polyvinyl chloride (PV'(Y) insulation and the manufacturer's temperature rating was
167°F continuous. 190°F maximuminair. There was a sharp bend in the heater strip bearing against an LECU
power lead splice at the heater strip entry into asbestos tape wrapped over the steam duct in the test set-up.
Under high temperature conditions. the heater tape wire was demonstrated to extrude through the PVC
insulation and a fire was initiated under simulated test conditions. Three other ignition causes were
considered as possibilities. Strip heaters of the same type as abeve, but covered with aluminum foil.
were on the potable water and dew point line sensor. Deterioration of insulation could have caused a
short between one of the wires and the aluminum foil. Dew point measurements within the cabin showed
that some metal surface temperatures were such that water could have condensed on them causing
arcing on open terminal strips. unpotted connectors, or the 400-cycle unit, igniting adjacent materials.
One of the ECU high pressure oxygen check valves. which use an clastomeric (DPR) seal, was severly
damaged and it was theorized that high pressure “impact™ of the 900 psia oxygen could have ignited
the EPR. AiResearch ran a series of 3000 psi impact tests without ignition, and although the test re-
sults were not absolutely conchusive, it was concluded that this was the least probable of the possible
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causes presented. Other damage caused by the fire included excessively burned insulation of the test
set-up wiring, .fusing and burning of ECU wire harness, and burned polyurethane foam insulation on
the oxygen and water-glycol lines. The investigating board concluded that, although 16 components had
malfunctioned prior to and during the test and 18 had failed due to damage by the fire, the ECS quali-
fication unit was not the direct cause of the fire. Also, test equipment and materials were improper for
the environment, there was no fire detection or extinguishing equipment, and there were no emergency
procedures. The board also concluded that improvement in the selection of some materials used in the.
ECS and the Apollo Command Module (C/M) could be made to control fire. Also, the C/M electri-
cal circuits and wiring have potential hazards from arcing or direct short circuits. Also concluded
was the fact that AiResearch procedures and documentation were inadequate, that quality control (QC).
personne! were provided inadequate direction and that a NASA Test Readiness Review might have
precluded the incident. The board recommended that all action necessary be taken to preclude initia-
tion of a fire in the C/M with special emphasis on adequacies of wire bundle derating, circuit breaker/
wire compatibility, and elimination of all possible nonmetallic materials in contact with wire bundles.
The board also recommended the imposition of nonmetallic materials specification requirements on all
contractors and other suppliers of flight equipment, and to strengthen the materials selection.and applica-
tion program.

APOLLO ECS EXPLOSION AT AIRESEARCH, APRIL 18, 1965

An cxplosion occurred in an unmanned qualification test of the Apollo ECS at. AiResearch on
April 13, 1965.The explosion occurred after 127 hours of a planned 141-hour test. Conditions were corra-
sive contaminants, oxygen, and humidity (CCOH) per qualification test procedure SS-1224-R, para-
graph 6.8. Failure reports were prepared for four components; a sensor (P/N 820110-1), a fan (P/N
826310-2-1), a valve (P/N 850028-1-1), and an absolute pressure transducer (P/N 837044-1-1). The ex-
plosion was determined to be the result of polyurethane foam swelling underneath a water tank causing
a suspended electrical immersion heater to touch the bottom of the tank. Sufficient localized heat was
generated to ignite the oxygen-saturated foam. Electrical connections did not indicate evidence of short-
ing and it was noted that all units were operable after the test was aborted. Corrective action included
use of Teflon sheets in place of polyurethane foam and neoprene to isolate the units electrically, connec-
tion of the unit mounting frame and tank to a common ground, pctting of heater leads, installation
of a commercial submersion heater in the water tank by welding a boss.

APOLLO ECS EXPLOSION AT AIRESEARCH, JULY 1, 1964

An explosion occurred in unmanned qualification test in the explosion proof chamber at AiResearch
on or about July I, 1964. The test had been in progress 30 minutes and test conditions were in accor-
dance with explosion proof test $8.1218-R, paragraph 6.9.2. A cabin air temperature sensor, P/N
820100-1, was damaged to the extent that the glass bead around the thermistor was bubbled and pitted.
from the heat.  Conclusion as to the cause of the cxplosion was that the insulation around the heater
coil broke down from heat inside the explosion chamber while the explosion proof test wasin progress.
Cotrective action was to retest the sensor for temperature versus resistance per $S-1113-R, revision 1.
paragraph 1.2. The sensor was retested, witnessed by NAA and Air Force QC, and released for future
testing on July 1, 1964
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AFB

CC
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Cm?
COy
cps
CTN
CTR
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ECS
EPS
ECU
ECA
FR
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GT
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GLOSSARY OF TERMS

Apollo Problem Summary

Air Force Base

Apollo/Saturn

British Thermal Unit

Cubic Centimeter

Command Module .

Square Centimeter

Carbon Dioxide

Cycles Per Second
Certification Test Network
Certification Test Requirement
Discrepancy Report

Decibel

Envirormental Control System
Electrical Power System
Environmental Control Unit
Electronic Control Assemblies
Failure Report

Degrees Fahrenheit
Acceleration Due to Gravity
Vibration Power Spectral Density
Ground Support Equipment

Ge -1 Titan

Wweier

Frequency In Cvcles per Second
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GLOSSARY OF TERMS (Continued)

IMU Inertial Measurement Unit

LB Pound

LiOH Lithium Hydroxide

LM Lunar Module

MA . Mercury/Atlas

MEK Methel Ethyl Ketone

MIL STD Military Standard

MSC Manned Spacecraft Center

MSOB Manned Spacecraft Operations Building
NA Not Applicable

No Nitrogen

oCP Operational Checkout Procedure
09 Oxygen

PN Part Number

PSIA Pounds Per Square Inch Absolute
Qb Quick Disconnect

§C Spacecraft

SLA Spacecraft’Lunar Module Adapter
S'M Service Module

S'N Serial Number

TORR \illimeters of Mercury Vacuum
VAC Volts Alternating Current

VDC Volts Direct Current

WG Water Glvcol
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LIST OF REFERENCES

2-1 Memoranduras generated by Panel 2.
{ 2-2 Responsc from MSC concerning:
) a. Unqualified equipment on $/C 012.
b. Significant arcing and shorting anomalies.
c. Explosion proof testing.

2-3 Discrepancy reports supporting Enclosure 2-7.
N 2-4 Oxygen exposure and failure data of vehicle level tests.
2-5 Oxygen exposure history of component level tests.
. 2-6 Discrepancy reports and failure reports regarding water/glycol leaks in the ECS. i’
2.7 Elapsed Time Indicators qualification data.
2-8 Failure survey for possible or highly probable fire initiators.
2-9 Environmental Control System qualification requirements. '

2-10 . Acceptance Test Procedure AiResearch Rpt. SS-110-R, Rev. 1 dated 10-2-64.
Interim Change Notice A to above dtd. 12-2-64.

2.11 Acceptance Test Procedure AiRescarch Rpt. $S-1720 P. did. 9-20-65.
Interim Change Notice E to above dtd. 5-11-66,
2-12 Group 1 Qualification Test Procedurc AiResearch Rpt. $S-1274-R, Rev. 2 did. 10-1-65.
2-13 Group 1 Qualification Test Report AiRescarch Rpt. $$-1474-R, did. 3-21-66. :
Errata to above dtd. 9-7:66. !
2-14 Group 1T Qualification Test Procedure AiResearch Rpt. $S-1507-R, Rev. 1 dtd. 8-30-65.

2-15 Group 111 Qualification Test Report AiResearch Rpt. $S-1807-R dtd. 4-12-66.
Errata to above did. 9-29-66.

2-16 Environmental Control System Procurement Specification NAA No. MC901-0215, Rev.
G, dtd. 8-31-66.

2-17 Goodyear Acrospace Rpt. GER-12246 dtd. 8-21-65.

2-18 U.S. Naval Rescarch Laboratory Rpt. 6090 dtd. 7-28-64.

2-19 U.S. Naval Rescarch Laboratory Ltr. 6130-56 dtd 3-23-65.

2-20 U8, Naval Rescarch Laboratory Ltr. 6130-41 dtd. 2-25-65.

2-21 U.S. Naval Rescarch Laboratory Ltr. 6180-39, dtd. 2-25-65.

2.22 Fire at High Pressure by J.\'. Harter, dtd, 3-24-65.

2.23 Preliminary Report AiResearch Fire did 4-28-65.

2-24 Final Report AiResearch Fire dtd 4-28-66.

2-25. Report of Fire at Naval Air Crew Equipment Laboratory undated.

2-26 Report of Firc at Air Force Aerospace Medical Division dtd 10-9-62.

2-27 13 Photographs of fire at A.F. Acrospace Medical Division undated.

2.28 Group of TWX's regarding fire at Brooks AFB on 1-31-67 Progress Rpt. No.'s 5. 6. g -
7. and 8.

2-29 NAA Failure Notification AR-TR-64-242 dtd 2-2-65.

2-30 AiResearch Trouble Rpt. 4769 dtd 1-28-65.

2-31 Notebook of 40 photographs of S/C 012 in and around LiOH canisters.
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SEQUENCE OF EVENTS
A. TASK ASSIGNMENT

Analyze data obtained immediately prior to and during the fire incident including digital, ana-
log, voice communications, photography, etc. Data should display significant events as they occurred
with precise time tag. Time histories of all continuous or semi-continuous recorded parameters, cor-
relation of parameter variations and events shall be recorded as well as interpretation of the results
of said analysis. Where pertinent, normal expected variations shall be compared with those ac-
tually obtained.

B. PANEL ORGANIZATION

1. MEMBERSHIP:.
The assigned task was accomplished by the following members of the Sequence of Events Panel:
Mr. D. D. Arabian, Chairman, Manned Spacecraft Center (MSC), NASA
Mr. H. Creighton, Kennedy Space Center (KSC), NASA.
Mr. W. Jewel, Kennedy Space Center (KSC), NASA
Mr. W. Eckmeicr. North American Aviation (NAA), Kennedy Space Center
Me. A. Tischler, North American Aviation (NAA), Downey

2. COGNIZANT BOARD MEMBER:
Dr. M. Faget, Manned Spacecraft Center (MSC), NASA, Board Member, was assigned to mon-
itor the Sequence of Events Panel.

3. PANEL CONSOLIDATION: .

Panel 3 served as a scparate Panel from January 31, 1967 through February 23, 1967. The Panel
was dissolved on February 23, 1967 and merged with Panel 18. This merger was accomplished to
better support the Apollo 204 Review.

C. PROCEEDINGS

1. GENERAL DESCRIPTION OF THE DATA SYSTEM
a. The engincering data used in the determination of the sequence of events was obtained from
the spacecraft instrumentation system and is presented in Enclosute. 3-1. This system. consists
of the following main elements:

(1). The instruments in the Command Module which measured about 400 items such as volt-

ages. temperatures and pressures.

(2) A signal processing system in the Command Module whict converts the physical parame-

ters measured into a form suitable for transmission.

(3) The hard:line and radio transmission links which carry the converted data to the ground.

(4) The ground system which provides permanent tape records of the data obtained and also

provides the various kinds of real-time displays of the data required to conduct the test.

(5) The instruments in other parts of the Space Vchicle and Ground Support Equipment
systems.  These instruments provide data to the ground recording stations in a similar manner
as for the Command Module.

(6) A communications network for voice transmission between the various groups associated

with the tests including the Command Module crew.

Enclosure 3-2 is a simplificd schematic of the data system in use in Spacecraft (S;C) 012
and on the ground during the Plugs Out Test and shows the general clements within the Space-
craft and the radio and hard-line links to the main ground stations at John F. Kennedy Space
Center (KSC).  Data were also transmitted from the KSC ground stations to other sites such as
the Air Force Eastern Test Range (AFETR) and to the Manned Spacecraft Center (MSC)
in Houston
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b. Because of the large number ol measurements which are-made in the Command Module, and
in the other systems in the Spaceeraft, it is impossible within the present state-of-the-art to provide
continuous information on each measurcment made. This is true for both ground tests and space
flight operations. A system is used, therefore, which provides periodic sampling of each measure:
ment. The sampling system used is the Pulse Code Modulation (PCM) system. This system takes
samples of ecach measurcment a predetermined number of times each secund. The sampling rate
varies from 200 per sccond on parameters which arc expected to vary rapidly sometime during

test or flight operations to onc¢ per second for parameters not expected to vary rapidly. The fi-.

nal record. therefore, provides samples of data from cach measurement permitting a near contin-

wous record to be constructed. This may not” be possible if rapid variations in the .mcasured quan- .
tity occur. Rapid variations between sampling times are not recorded. However, a change may. .

be detected when the parameter is sampled even though the actual initial variation of the param-
eter, or the precise time the variation occurred, cannot be determined.  This condition may provide
clues to the nature of events that are not fully recorded.

¢. The signal processing equipment in the Command Module converts the sampled data into
binary code.  This code consists of ““words’™ each of which are cight “'bits™ long. The Com-
mand Module PCMN system transmits 6400 “*words' per second and. therefore, 51,200 “bits™
per second.

Each “‘word™™ corresponds to- a particular value of the parameter being measured.  Such
a “word is also called a “count.”” The full scale range of cach measuring instruinent is di-
vided into 254 counts.”” A change. however, in a. “count’ .(or *word""), does not necessarily
correspond to a real change in the parameter being measured. This effect is obtained because
“noise’ is inherent in information transmission and processing system. The ‘'noise’’ can causc
changes in ““counts.”” Careful examination  of records s requited to distinguish between
peal changes in magnitude of the paramecters being measured and apparent magnitude changes
which are due to “noise.””  This result is particularly true when the “‘noise™ produces a one
“count’” change between two adjacent measurement levels. In general, a one “*count’” change
does not reflect a real change in level of the mecasured parameter, particularly if one “count’
fluctuations have occurred for an extended period.

2. SEQUENCE OF EVENTS

2. On the morning of January 27. 1967. a test of § C 012 commenced. The purpose of the test
was to verify systems operation in a simulated launch and to exercise countdown procedures in
preparation for actual launch.  The test was identified as a .Space Vehicle Plugs Out Integrated

Test OCP. FQ-K-0021-1 in which the spacecraft would be electrically disconnected from the Ground:

Support  Equipment (GSE) by removing the umbilical connectors normally disconnected at the
time of launch.

b. Spaceeraft power  buses were energized at. 12:55 GMT(7:55 a.m. EST) and subsystems were
activated and checked in preparation for crew ingress which occurred about five hours. later at 18:00
GMT. At the time the Spacecralt Commander changed from the closed-loop ventilator to the
Environmental Control dystem (F.CH), he stated there was an odor like “‘sour milk** in the suit circuit
loop. lIngress of the Pilot and Senior Pilot continued and at 18:20 GMT, the coumdown was
held for Bendix support personnel to obtain a gas sample from. the suit circuit loop for later anal-
ysis of the odor. The countdown then continued at 19:42 GMT with the normal suit circuit
checks. cabin switch  checklists, hatch installations, and cabin purge with oxygen followed by the
leak check of the sealed cabin. During the cabin leak checks. the Emergency Detection System
(EDS) which monitors critical functions within the launch vehicle and indicates to the crew when
AN CMELgency  situation exists, was checked. By 21:50 GMT. the EDS and the cabin purge and
leak checks were tinally completed. The boost protective cover which provides thermal protection
o the spacecratt outer surface during launch could not be properly latched in places however,
the test continued until 22:30 GMT when a hold of the countdown was called for a communi-
cations problem.  The crew became aware of the problem, a “live mike™ condition, at 22:20:48
GMT. and a series of trouble-shooting exercises wits conducted. such 1s interchanging the com-
munications cables (Cobra Cables) that conneet the astronauts’ microphones and carphones to the
communications equipment within the Spacecraft, and checking the effect of various: communication
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mode selection of the communications system. The “’live mike’’ condition continued to exist after
the troubleshooting exercises and the cause for this condition had not been determined by the
time of first voice indication of fire. Another communication problem appeared after trouble-
shooting; it was in the ground staticn and involved the distribution of the various voice links. Short-
ly after the troubleshooting period, decision was made to proceed with the simulated static firing
of the Reaction Control . System (RCS) thrusters while communications .were still possible. By
23:04 GMT the ground station worked around thcir problem by pacching Spacecraft communi-
cations to Black 5, a specific communications loop. All test personnel were switched to this loop.
By around 23:13 '3MT the static firing exercise was completed. Voice check was rhade between
the crew and the ground. The communications from the crew to the ground were somewhat gar-
bled. At 23:22:27 GMT, the ECS engineers noted an appreciable depletion of the oxygen purge
tank. The Command Pilot had his face plate open which accounted for the change and by about
23:23 GMT the face plate was closed. Still plagued by poor communication, Astro Communi-
cation Console CAST suggested the crew switch to S-band voice link; a.commuaication check with
each of the crew was acceptable. However, some undefined difficulty with th:e communications
between the Spacecraft and the ground still existed.

c. At 93:28:00 GMT the. count was holding at T-10 minutes and resumption of the count was aa-.
ticipated momentarily.  All the systems being monitored through the PCM sysiem by systems
engineers showed normal. operation (particularly the electrical and ECS) at this time. Sixteen .
personnel were standing by at the various floor levels of. the gantry to provide technical support
as required. Those with specific. functions to be performed at T-0 were positioned in the vicinity
of assigned stations. Movement was reportedly negligible and no work was being performed on
the flight or ground support hardware. Seven persons.were positioned within the Saturn S-IV-B
aft interstage monitoring assigned communication channels or otherwise engaged in support co-
ordination. he only known anomaly within the Spacecraft was the *‘live microphone!’ which
was picking up the rhythmic cadence of the Command Pilot’s breathing sounds representative
of a man at rest. In addition, the Senior Pilot’s biomedical parameters showed normal resting
levels. During this period, voice transmissions from the . Spacecraft confirmed this impression ot
a relaxed situation. The termination of the last relaxed conversational transcript from the Space-
craft occurred at 23:30:02 GMT.

d. At 23:31:04.7 GMT, the crew call of fire was received over the voice loop. The series of
events. during the minute preceding the fire call was extracted from an after-the-fact review of
the data and observation by personnel involved with the test.

At about 23:30:40 GMT, random sounds other than the normal breathing from the Command

Pilot were evident on.the “live mike.”” The sounds were similar to those obtained by tapping
or brushing a microphone. The. frequency of the noise occurrences was much greater than noted.
earlicr in the test when the mike was ‘‘live.”” The. noises subsided several. :econds before the.

crew call of fire.  Throughout the onc-minute period before the crew call .of firc. the oxygen
flow to the suit circuits continually increased and reached the upper flow limit of the measuring

systemn at about 23:30:59 GMT. During this pericd the torquing signals to the Inertial Measuring.

Unit showed fluctuations which were an indication of movementof the Spacecraft. In additior:, bio-
medical data indicates a slight increase of activity by the Senior Pilot. This. indication subsided
within the one-minute time period.  An assessment of the noises on the voice loop, increasing
oxygen flow to the suit circuits, torquing signal variations to the Inertial Measuring Unit and Sen-
jor Pilot slight increase in activity between about 23:30:40 GMT and 23:30:59° GMT show that
crew activity within the Spacecraft occurred. During the period when the crew was active, the
open channel of the gas chromatograph showed fluctuations commencing at about 23:30:50 GMT.
This fluctuation may have also indicated crew activity because of the antenna characteristics of
the disconnected cable. At about 23:30:55 GMT a momentary dropout of the data being trans-
mitted from the Spacccraft occurred. The C-band beacon also showed an interruption at this
time. The AC voltages on the threc phases of inverter Number 2 showed a transient, as did
one of the phases which supplied power to the hand controller.

c. About six seconds before the call of fire by the crew. all systems appeared to be at a steady
or quiescent state. except for the high oxygen flow to the suit circuits The crew call of fire
occurred at 2%:31:08.7 GMT.
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There were two voice transmissions from the Spacecraft. The first transmission, believed to be that
of the Command Pilot, at 23:31:04.7 GMT reported “a fire in the cockpit.”” This transmission
ended at 23:31:10 GMT. The sccond and last transmission, believed to be the Pilot’s, started
at 23:31:16.8 GMT and ended at 23:31:21.8 GMT. This transmission reported “‘a bad fire”
followed by two garbled phrases. Coincident with the call of fire, immediate and marked in-
crease in the biomedical mecasurements from the Senior Pilot occurred. The magnitude of these
readings continued to increase until loss of data from the Spacecraft. Those systems sensitive
to the Spacecraft movement, including the launch vehicle accelerometers, showed increasing in-
dications of Spacecraft movement. These indications continued until loss of data. which occurred
at 23:31:22 40GMT (6:31:22.40 p.m. EST).

The. witnesses on station to support the test heard the call of fire. A muffled explosion was
heard next, followed by two loud whooshes of escaping gas as the Spacecraft cabin ruptured from
the internal pressure increase caused by the fire. Flames shot from open access panels. Astronaut
helmet, arm and back movements were obscrved through the cabin window. The light intensity
from within the cabin increased, and flames filled the view through the window.

f. Ground power was.switched .from the Spacecraft at 23:32:46.4 .GMT. However, internal bat-
teries had been. switched on the main buses by the crew- at about 23:31:13 GMT so that removal
of ground power did not deenergize the electrical systems within the Spacccraft. Between 23:31:15
GMT and 23:33:00 GMT repeated attempts were. made by the pad crew to enter the smoke-filled
White Room to rescue the astronauts from the Spacecraft. The fires external to the Spacecraft
continued to burn as hatch removal progressed. . At about 23:36 GMT the hatch was removed
and at approximately 23:43:00 GMT. three physicians arrived from the blockhouse.

g. Detailed events from about one minute prior to the fire to the time when ground power was
switched from the Spacecraft, are shown in Enclosure 3-3. (Ground power was removed from the
Spacccraft after loss of all data transmission from the Spacecraft.) The recorded data from the
onboard instrumentation, the ground instrumentation, and the voice transcripts were used to cs-
tablish the events of the enclosure.

3. DATA INDICATION

Some of the .more significant data obtained just prior to the crew call of fire is shown in En-
cdostre 3-4.  These data cover a period of one minute before the call of fire until loss of the data
signals.  The data shown include Various paramcters indicating Spacccraft motion, the “live mike"’
audio noises on the Command Pilot's S-band. oxygen flow rate into the suit loop, biomedical indi-
cations from the Scnior Pilot, AC bus 2 transient and associated effects on the C-band. operation and

V'HF telemetry carrier and the gas chromatograph signal monitor. Each of these subjects is discussed
in the Report of Panel 18.

D. FINDING AND DETERMINATIONS

1. FINDING:

The data recorded from the Spacecraft and ground instrumentation system during the Spacecraft
Plugs Out Test were found to be valid except for three brief dropouts which occurred around
93:31:17.4 GMT. 9%:31:91.0 GMT and 23:31:21.4 GMT. All onboard data transmission ended at
about 23:31:22.40 GMT.

2. DETERMINATION:
The onboard insttumentation system functioned normally prior to and during the initial phases

oi the fire. There were no indicated malfunctions in any of the instrumentation sensors during
this period.

E. SUPPORTING DATA

1. Enclosure 3-1 Sequence of Events, Final Summary Report

¥ Enclosure 3-2 Flow of Data Information from 8 € and Ground Support Equipment




3. Enclosurc 3-3 Sequence of Events

P 4. Enclosure 3-4 Data Indications
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1. INTRODUCTION ‘ =
This report contains the sequence of events from about one minute prior to the crew call of fire P
- - to loss of data. The basic data pertinent to the sequence of events are presented in direct-write recorder !
-4 form.  Abrief discussion of the data indications for each system is given. The analysis of these data
indications are presented in the final report of Panel 18 where additional data is presented to support
the discussion.
- CR Cathode Ray ‘,
AC Alternating Current i
\ DC Direct Current J ;
ECS Environmental Control System . .
TVC Thrust Vector Control o
PCM Pulse Code Modulation
VHF 7FM Very. High Frequency/Frequency Modulation
MIVC Manual Thrust Vector Control
WG Water -Glycol .
S/C Spacecraft "
IMU Inertial Measurement Unit ]
OCAT Over - All Testing
GSE Ground Support Equipment 2
SRP Senior Pilot 3
EDS Emergency Detoction System
HFLT Houston Flight
BPC Boost Protective Cover
' CMD Command Pilot
SM-RCS Service Module -Reaction Control System
ACE s C Acceptance Checkout Equipment Spacecraft
ACE Acceptance Checkout Equipment
L.OsS Loss of Signal
KSC Kennedy Space Center
ECA Electronic Control Assembly
ECU Environmental Control Unit
SPS Service Propulsion System
F C Fuel Cell
G&N Guidance and Navigation
PIPA Pulse Integrating Pendulous Accelerometer
LEB Left Equipment Bay
FHS Forward Heat Shield
CSM SLA Command Service Module Saturn [.M Adapter
LES Launch Escape System
DSEA Data Storage Electronic Assembly
MCCH Mission Control Center Houston
GMT Greenwich Mean Time

ENCLOSURE 3.1
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PSIG Pounds Per Square Inch Gauge

PSIA Pounds Per Square Inch Ahsolute
S/v Space Vehicle
NRZ PCM Non-Return to Zero Pulse Code Modulation .
TPS Test Planning Sheet
\ EPS Electrical Power System
EDU Coupling Display Unit
ADA Angular Differentiating Accelerometer
t CwW Continuous Wave
MSOB Manned Spacecraft Operations Building
MOLC ACE Open Loop Communication Station
CAST . Astro Communicator Console
PLT Pilot
MSTC Manned Spacecraft Operations Building Spacecraft
Test Conductor
CGSS Cryogenic Gas Storage System
PUGS Propellant Utilization Gaging System
SM-A Service Module Quad A
SM-D Service Module Quad D
SM Service Module
MDAS Medical Data Acquisition System
vDC Voltage Direct Current
CG Gas Chromatograph
C&W Caution and Warning
PTT Press to Talk
VHF “AM Very High Frequency Amplitude Modulation
CCW Counterclockwise ]
RFI Radio Frequency Interference '4‘
CSM Command Service Module '
TR Transmit ‘Receive

2. SIGNIFICANT EVENTS PRIOR TO THE START OF THE FINAL TEST
a. SC ARRIVAL TO START OF PLUGS OUT TES

August 26, 1966 - Command Module arrival at KSC.
September 14 - Start of combined systems test
(OCP-FO-0035).
Semptember 17 - Spacecraft (§/C) power-down for
troubleshooting.
September 19 - §,C power-up for OCP-FO-K0035.
September 23 - §,C power-down for OCP-FO-K.-0035
troubleshooting. ’
September 27 - OCP-FO-K0035 ECS leak checks.
September-29 - Remove electronic control assemblies (ECA)
because of water glycol (W/G) leak.
Scptember 30 - Reinstall ECA's. Envirenmental control )

system water glycol leak corrected.
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October 1
October 7
October 8
October 10

October 11

October 12-13
October 14-15
October 18

October 19

October 21

October 27

October 28
October 29

October 31
November 1
November 3

November 4
November 5
Novembear 6
November 8
November 9

November 11

November 12
November 13

November 14
November 15

D-3-13

S/C power-up and completed
OCP-FO-K-0035.

W/G spill during transducer change.
Remove all ECA’s becauseof W/G wetting.
Install new ECA’s.

Manned sea level run of flight crew
altitude chamber test, OCP:FO-K-0034
started.

Manned sea level run discontinued due

to bent pins in CM-SM umbilical.

PCM replaced duc to suspected bad

transistors.

Manned seq level run performed.
Unmanned altitude run performed.

First manned (flight crew) altitude run
aborted at 13,000 feet due to inverter
no. 1 failure. Inverter replaced. Shorted
input transistor. (Had.not gone through .
the screening process.) Replacement was
of modified and screened type.

First manned (flight crew) altitude run
completed.

Second manned 9back-up crew)

altitude run initiated but scrubbed due
to Og regulator failure.

Decision received to change ECU.
Inverters no. 2 and no. 3 removal started.
(Thesc two were of the unmodified type.)
ECA's removed for water glycol drain.
Demate CSM to pressure test service
propulsion system (SPS) tanks.

Installed Yaw Axis ECA.

C/M moved to integrated no. 1 stand.
ECU removed.

SPS tank removal from S/M started.
Install roll and pitch ECA's.

New inverter installed complete.

Fuel cell (F;C) no. 2.W/G pump replaced
due to leak.

Start SPS tank pressure testing at Pad 16.
Oy panel with new Og regulator installed.
Installation of ECU initiated.

Installation of SPS tanks initiated.

Drain of fuel cell water-glycol completed.
F;C W, G fill initiated.

New SPS fuel tanks received.

Leak check of ECU compileted.

Installation of SPS tanks completed.
Power-up S,C to support ECS checks.
Move §;M to Pad 16 for SPS installed
tank pressure checks.

G&N computer |, S, N 123, removal

in work to install flight program memory.
ECS W, G servicing started.

Install §; M in altitude chamber.

ECS W, G scrvicing complete.
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November 16

November 17

November 19
November 20
November 21

November 22

November 25
November 26
November 27
November 29
November 30

December 1
December 2

December 3

December 14
December 16

December 19

December 21.

December 27
December 28

December 29
December 30

January 3, 1967

January 4
January 6

January 7

G&N computer installed temporarily to
perform PIPA test, Corrosion noted on
pins. Must be removed,

G&N PIPA test complete.

Computer S/N 123 removed. Will install
new computer S/N 124 due to corrosion
on pins of S/N 123,

CSM mate started.

Installation of new G&N.computer S/N
124. Held up by broken bolt.

CSM mate complete.

Air in ECS W?G system. Must be re-
serviced.

ECS W/G drain started.

Broken bolt in computer removed. Com-
puter removed.. Computer removed.
Computer bolts found to be too soft.
O2 .panel removed and -5 O2 regulator
installed.

G&N computer S/N 124 installed.

ECS W/ G reservice complete.

W/,G leak in lower equipment bay (LEB)
repaired.

S/C power-up and conduct OCP-
FO-K.-0034.

Test scrubbed due to W/G leak

in ECU.

Decisien made to remove ECU.

Drain W/G system. Repair W/G leak
in LEB.

Removed ECU and shipped to

AiResearch (A, R).

Started ECU installation.

Completed installation of forward heat
shield (FHS).

Completed ECU installation.

Started W, G servicing per OCP-
FO-K-5518.

Completed W, G servicing.

Initiated manned (back-up crew).sea level
run OCP-FO-K-0034A.

Manned sea level run completed.
Unmanned altitude run completed.
Started manned (back-up crew)altitude run.
Manned altitude run completed.

Remove CSM from altitude chamber for
SPS nozzle installation and SLA mate.
Start CSM,SLA mate

New quads A" and "D’ installed due
to minor damage in original quad en-
gine nozzle.

Moved to LC-34 and mated to launch
vehicle.

Launch vehicle pull test completed.




PN

January 10 - Solenoid valve on cyclic accumulator no. 1 P
replaced. R
Perform OCP-FO-K-0039 GSE '
interface test.
Start circuit interrupter test.
Main DSKY replaced due to burned out
light on numeral.

January 11 - Removed panel 31 and replaced suit
pressure meter.
January 12 - Circuit interrupter test completed.

Start combined systems test
OCP-FO-K-0005.

January 13 . - Start F/C cryogenic loading test,
QCP-FO-K-4736.

January 14 - OCP-FO-K-0005 completed.

January 15 - Launch escape system (LES)
mate completed. 8

January. 16 - S/C powered up for trouble shooting. g

January 17 - OCP-FO-K-4736 completed. ]

January 18 - Electrical mate, OCP-FO-K-0004,
started and completed.

January 20 - Plugs in, integrated test, OCP-FO-K-0006 !
dry run without HFLT started and com- ‘
pleted.

January 21 - Potting of panel no. 12 initiated.

January 23 - 02 purge valve on F;C no. 1 replaced.

Potting on panel no. 12 reheated. Still
not properly cured. Installed for test.
Circuit interrupters between CM/SM
opened in search of missing test spacer
which revents damage to the o-ring in
the connector during test (not found in
interrupters).
Repair pyro battery wire.
January 24 - MCCH interface test, OCP-FO-K-0045,
started and completed. .
Pyro connector repaired. -
Water flush test completed.
S.C power-on troubleshooting in work.
January 26 - YAW ECA replaced due to electronic
anomaly and new one retested.
Started replacing DSE.. connector.
OCP-FO-K-0006 completed.

January 27 . DSEA connector replacement completed.
Plugs out, OAT, OCP-FO-K-0021-1
started.

3. SEQUENCE OF EVENTS
a. START OF PLUGS OUT TEST TO 23:30:00 GMT
The following is the time line for plugs out. ONT, OCP-FO-K-0021-1, January 27, 1967:

12:55 GMT - § C bus powes up.

13:20 GMT -5 (@ subsystens activation andsystems test.

14:50 GMT - ECSswystems test started.

1:00 GNT - T-3 hours ana hold for 1 hour for ECS.
£.CS had trouble with O2K bottle hookup :
through GSE into pneumatically operated ‘

disconnect at service module.
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17:00 GMT
17:05 GMT
18:00 GMT

18:09:56:5 GMT

18:30 GMT

19:25 GMT
19:40 GMT
19:45 GMT
20:00 GMT
21:00 GMT

21:15 GMT
21:50 GMT

22:40 GMT

22:45:15:5 GMT

22:45:28 GMT

22:46:45:9-GMT .
22:46:51:2 GMT

22:47:33 GMT
22:33 GMT
23:10:00 GMT

23:15:00 GMT
23:20 GMT

ECS test completed.

Started pre-ingress switch checklist.
Command Pilot ingress. When Command
Pilot changed over from the closed loop
ventilater to §/C ECS, he said there
was an odor in the systems like “‘sour
milk.""  Continued with Pilot and Senior
Pilot ingress.

SRP hcoks up to communications cables
after ingress and biomed data becomes
available.

Begin hold for odor in suit loop. Bendix
support called for to supply evacuated
“watermelon’™ to take samples of suit
circuit loop. Sample taken during hold.
Picked up count and performed suit circuit
checks.

Post-ingress switch checklist performed si-
lently by flight crew.

Inner hatch installed and started cabin
purge and leak check.

Start emergeney detection system (EDS)
test,

EDS test complete.  Start abort request
checks.

Abort request checks complete.

Cabin purge and leak check complete.
Start outer hatch and boost protective cover
(BPC) installation.  Could not properly
latch BPC hatch.

Hold for communications problems.
Proceed with terminal count functions where
communications aliowed.

SR P disconnects his communication

cables and gives to CMD. This is done
in an cffort to isolate the communications
problem.

CMD hooks up'to SRP cables and runs
communications check.

CMD disconnects from SRP cables.

SRP reconnects to communications cables
and re-estabhishes biomed data.

CMD reconnects to his own communi-
cations cables.

Approximate time CMD replaced cobra
cable.

Start simulated SM-RCS static fire.
Complete static fire.

Completed all  terminal count functions
up to transfer to internal power. Hold
at T-10 minutes for conumunications
problems.

b. 23:30:00 GMT TO LOSS OF DATA
Figure 3-1 shows the significant sequence of events time line as gathered from the recorded
data. Figures 3.2 thuough 3-8 represent the actual recorded data,
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The illustrations contained in this section ate direct reproductions of the direct-wiite recordings
made through the ACE S/C giound station decommutator. No smoothing techniques have been
employed. However, during the last 5 seconds before final LOS three additional losses of data
occurred. At these times the PCM wavetiain 1ecovered as much as a second before the ACE
decommutator was able. to reacquite synchronization. In order to provide information during
the portion of this time when the wavetrain was available but the decommutator not in synchro-
nization, manual data 1eduction was employed.

4. SYSTEM
a. INSTRUMENTATION

(1). INSTRUMENTATION CONFIGURATION
Deviations from standard launch configuration weie as follows:
(a). The transducer for measuring battery compartment manifold pressure, CC0188P (0 to
21.3 psia), was not installed in the port in the manifold. However, the instrument was
electrically connected and stowed, and in this configuration provided a measure of cabin
pressure.
(b). Batteries A. and B. case temperature measurements,. CCO178T and CCO179T, were
not connected.
(c). /M - adapter separation monitor A, SS0120X, was inoperative at the time of the
test. Refer to S/C DR No. 932.
(d). The gas chromatograph was not installed.
(). Elapsed time indicatots were installed on the PCM packages,the central timing equip-
ment and the signal conditioning equipment. These indicators were to be removed
prior to flight.

(2) SYSTEMS DESCRIPTION
(a). The engineering data used for the determination of the sequence of events was ex-
tracted via the spaceciaft instrumentation system. The mechanism for accomplishing this
task involves sensing S/C physical parameters, converting the parameters into varying
direct current electrical signals, sequentially sampling the signals and then converting these
signals into binary coded words. which are transmitted for recording and display (see
Figure 4.1-1). The basic hardware used includes sensors, signal conditioners, and the pulse
code modulation system..
(b). The pulse code modulation system (PCM) samples the various sensors and signal
conditioners in the S/C and encodes the information for transmission. The PCM basically
is a.number.of electronic input switches and an encoder, all of which are. controlled
by a progiammer. The input switches, thiough programmer control, are sampled se-
quentially with. each. sample period being 15 microseconds. The voltage passed through

the switch duting the sampling time is then converted by the encoder into an 8-bit, binary .

word of 156.25 microseconds duration. This results in each switch being sampled. se-
quentially in 156.25-microsecond time increments. The number of times per second each
input switch is sampled is controlled by the programmer. Programmed sampling rates
are 200, 100, 50, 10 and 1 samples per second. The end result of this operation is 2
serial stream of data consisting of 6400 eight-bit binary words per sccond. The serial word
stream is then transmitted to an area  to be decoded, recorded and displayed (see
Figure 4.1-2).

(c). A list of all active instrumentation parameters which were being monitcred during
OCP-FO-K-0021, S/\" Plugs Out Integrated Test, is presented in Table 4.1-2 and an
explanation is given in Table 4.1-1.

(3). COMMENTS ON DATA

Data quality was good except for three confirmed dropouts of the onboard PCM system at
the following times (all GMT):

23:31:17.398 to0 23:31:17.659

23:31:21.018 to 23:31:21.284

23:31:21.383 10 23:31:21.519
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These dropouts were confirmed by prime frame count readouts of computer tabulations and strip
chart recordings made from available data sources. Measurements with sampling rates of one and ten
per second did not show good data on strip charts for one full second following the 23:31:17.398
GMT dropout, because after system recovery at 23:31:17.659 GMT the PCM prime frame counter
picked up one count. Data are read from a digital frame dump in this period by reading the. prime
frame count and subtracting one for proper prime frame identification.

(a). DATA SOURCES

Four data sources were available (See Figure 4.1-2):

1. 51.2 kilo-bit bi-phase hard line data (§/C PCM)

2. 204.8 kilo-bit interleaved data (S/C and GSE PCM’s)

3. 51.2 kilo-bit NRZ PCM data via the S/C very high frequency/frequency modu-
lated (VVHF /FMM). transmitter (S/C PCNM)

4. 51.2 kilo-bit NRZ data via the $/C S-band transmitter (S§/C PCM). The VHF/FM
and 41.2 kilo-bit bi-phase hardline sources were used here for data purposes- since
those sources showed fewer dropouts and bit errors than the interleaved data, and

since trouble with the ground stations made data from the S-band link practi-
cally unusable.

(b).CABIN PRESSURE FROM BATTERY MANIFOLD PRESSURE

The pressure sensor for the battery manifold pressure measurement, CCO188P, was
electrically connected to a signal conditioner. The sensor was not mounted to the battery
manifold to avoid possible damage to the sensor during battery removals and installations.
The port of the battery manifold in which the sensor was to be mounted was plugged.
The sensor and coiled wire were wrapped in a plastic bag and stowed in an area under
the battery mounting shelf between the shelf and the floor of the §/C. In this configur-
ation, the instrument sensed cabin pressure. The upper limit of the sensor, 21.3 psia,
was reached at 23:31:18.518 GMT.

(c). BATTERY CASE TEMPERATURES

The battery Aand B case temperaturc measurements, CCO178T (battery A) and
CCOI179T {battery B),. were.not active. The sensors are installed only on flight batteries,
and since test batteries. were used, no sensors were available. The signal conditioners
for these measurements and associated wiring were installed. The two sensor connectors
were packed in individual plastic bags, the wire cc d and stowed. in the same area
with the battery manifold pressurc sersor. The output of the two measurement points
was reviewed and found never to deviate from a full scale reading which, in this case,
is normal.

(d). DATA DROP-OUTS

At 23:30:54.85 GMT a drop-out of the detected PCM signal from the S;/C VHF,FM
transmitter was noted.  However, the hardline signal from the PCM system showed no
change in any way: this is confirmed by all playback data from the hardline sources. ;
Thus, no data interruption at this time was experienced.
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TABLE 4.1-1 X
MEASUREMENT IDENTIFICATION

,«“

The measurement identification consists of seven characters: two letters followed by four numbers
and one letter.

Discrete number L]

Functional System Code Measurement Classification
(Structures) \ [ (Strain)

Module code ——____ CA30_9—9‘S

The first letter (module code) designates the measurement location by module.

A Adapter

B Booster

C Command module

L Launch escape tower
S Service module

The second letter (functional subsystem code) denotes the subsystem within which the measurement
originates.

- A Structures
C Electrical power
D Master events sequence controller
E Earth landing sequence controller
F Environmental control
G Guidance and navigation
H Stabilization and conirol
J Crew equipment
K Flight technology i
P’ Service propulsion. X
] R Reaction control
_ S Launch vehicle emergency detection
T Communications and instrumentation

Characters three through six arc numbers assigned sequentially or grouped for clarity within each
system. The seventh character, a letter, denotes measurement classification as. follows:

A Acceleration N Camera

B Phase P Pressure

C Current Q Quantity

D Vibration R Rate

E Power S Strain

F Frequency T Temperature
G Force V' Voltage

H Position, .\ttitude W Time

J Biomedical X Discrete event
K Radiation Y Acoustical

I. Velocity Z pH-acidity
M Mass
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TABLE 4.1-2 ACTIVE PCM MEASUREMENTS FOR $/C 012

SUBSYSTEM STRUCTURES
SAMPLE DATA RANGE
MEAS. ID MEASUREMENT DESCRIPTION RATE LOW HIGH UNITS
- - C A1502 T TEMP SIDE HS BOXD LOC A 18/8 .260 +600 DEG F
- C Al1505 T TEMP SIDE HS BOND LOC B 18/8 .260 +600 DEG F
C A1509 T TEMP SIDE HS BOND LOC C 18/8 .260 +600 DEGF
C A5480 T TEMP AFT HS LOC 1-A 18/8 -100 +4000 DEG F
C A5481 T TEMP AFT HS LOC 1-B 18/8 -100 +4000 DEGF
C A5482 T TEMP AFT HS LOC 1-C 18/S 100 +1600 DEG F
C A5483 T TEMP AFT HS LOC 1.D 1 8/8 -100 +1000 DEGF
C A5484 R FLUN AFT HS LOC 1-4 18/8 0+150 B/+150  B/F/S
C A3490 T TEMP AFT HS LOC 2-A 18/8 -100 +4000 DEGF
G A5491 T TEMP AFT HS LOC 2B - 18/8 -100 +1600 DEG F
C A5492 T TEMP AFT HS$ LOC 2-C 188 100 . +900 DEG F
C Ab493 T TEMP AFT HS LOC 2D 18/8 -100 +1000 DEG F
C A5194 R FLUN AFT HS LOC 2 1878 0 +100 B/F/S
S A2361 T TEMP SECT 6 IN SURF 18/8 .100 +200. DEG F
S A2364 T TEMP SECT 3 FUEL TANK SURF 1s/8 -100 +200 DEG F
S A2365 T TEMP SECT 6 FUEL TANK SURF 188 -100 +200 DEG F
SUBSYSTEM ELECTRICAL POWER
¢ CO175 T TEMD STATIC INVERTER 1 18/8 +32 +248 DEG F
G Q0175 T TEMP STATIC INVERTER 2 18.8 +32 +248 DEG F
€ CO177 T TEMP STATIC INVFRTER 3 18/S +32 +248 DEG F
C GO1T8 T TEMP BATTERY A CASE 108;$ 0 +250 DEGF
- C CO179 T TEMP BATTERY B CASE 108;8 0 +250 DEG F
(. CO188 P PRESS BATT CONPARTMENT (MANIF) 108/8 0 +20 PSIA
¢ 0200 v AC VOLEAGE MAIN BUS & FHASE A 10 §/8 0 +150 VAC
G (0201 V' AC VOLTAGE MAIN BUS 1 PHASE B 10 $/8 0 +150 VAC
C 0202 V' AC VOLTAGE MAIN BUS 1 PHASE C 10 $/8 0 +150 VAC .
€ (0203 v AC VOLTAGE MAIN BUS 2 PHASE A 10 $/8 0 +150 \VAC |
C 0204 " AC VOLTAGE MAIN BUS 2 PHASE B 10 8.8 0 +150 VAC '
G C0205 v AC VOLTAGE MAIN BUS 2 PHASE C 10 $/8 0 +150 VAC
CC0200 v DC VOLTAGE MAIN BUS A 10 /8 0 +45 \'DC
¢ CO207 V' DG VOLTAGE MAIN BUS B 1088 0 +45 DG
. C Co210 V' DC VOLTAGE BATTERY BUS A 10 ;8 0 +45 \'DC ‘
¢ o211 v DG VOLTAGE BATTERY BUS B 108 S 0 +15 \vDC |
G Co212 v DC VOL LAGE POST LANDING BTRY 1068 0 +45 \'DC
¢ 0213 F FREQUENCY ACBUS 1 PHASE A 18S +380 420 cpPs |
¢ Co214 V' DC VOLEAGE BATT CHARGER OUT 108, 8 0 +45 \'DC ‘
¢ 0217 F FREQUENCY AC BUS 2 PHASE \ 18.$ +380 +420 s
C 0222 C DO CURRENT BATTERY A 108 8 0 +100 AMP
C 0223 ¢ DC CURRENT BATTERY B 18:$ 0 +100 AMP
¢ (0224 C DC CURRENT POST LANDING BTRY 108.8 0 +100 AMP
¢ Co232 V' DC VOLTAGE RATTERY RELAY BUS 108§ 0 +45 vDC
- $ (2060 P N2 PRESSURE F (01 REGULATED 18,8 0 +75 PSIA
: § 2061 P N2 PRESSURE F (2 PEGULATED 1SS 0 +75 pPSIA
S (2062 P N2 PRUSSURE F (03 REGULATED 188 0 +75 PSIA
i § (2006 P02 PRESSURL F € REGULATED 108 S 0 +75 PSIA
S C2067 P02 PRESSURE F €2 REGULNTED 10ss 0 +75 PSIA
S C2068 P02 PRESSURE F €3 REGULATED 108 S 0 +75 PS1A
S (2069 P H2 PRESSUREF €1 REGULATED 108 S 0 +75 PSIA
S C2070 P H2 PRESSURE F €2 REGULATED 1088 0 +75 PSIA
< (2071 P H2 PRESSURE F ¢ 3 REGULATED 108 8 0 +75 PSIA
S C2081 I TEMP 1 € 1 COND ENHAUST 18 S +150 +250 DEG F
QC2082 T TEMP B G2 COND ENHAUNT 18 S +150 +250 DEG F
S C2083 T TeMP F G 3 COND UXHAUST 18 S +150 +250 DEG F
QC2084 1 FEMPE C1ORIN 18 S +20 4550 DEG F ‘
S C2085 TTEMEPF C 2SKRIN 1SS +20 +330 DEG F :
S C2080 T OUEMEP L 0V sRIN 185 +20 +£550 DEG F :
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S C2087 T TEMP FC 1 RADIATOR OUTLET 18/8 -50 +300 DEG F

S C2088 T TEMP FC 2 RADIATOR OUTLET 18/8 -50 +300 DEG F
S 2089 T TEMP FC 3 RADIATOR OUTLET . 18/8 -50 +300 DEG F
$ C2113 ¢ DC CURRENT F/C 1 OUTPUT . 108/8 0 +100 AMP
‘\ § C2114 C DC CURRENT F/C 2 OUTPLUT 10 8/8 0 +100 AMP
$ C2115 C DC CURRENT F/C 3 OUTPUT 108/8 0 +100 AMP
. § C2120 X FUEL CELL 1 BUS A DISCONNECT 10 S/8 OFF ON EVENT
§ C2121 X FUEL CELL 2 BUS A DISCONNECT 10 §/8 OFF ON EVENT
S C2122 X FUEL CELL 3 BUS A DISCONNECT 10 S/ OFF ON EVENT
$ C2125 X FUEL CELL 1 BUS B DISCONNECT 10 8/8 OFF ON. EVENT
$ C2126 X FUEL CELL 2 BUS B DISCONNECT 10 8:8 OFF ON EVENT. k
§ C2127 X FUEL CELL 3 BUS B DISCONNECT 10 §/8 OFF ON EVENT 3
$ C2139 R FLOW RATE H2 F/C 1 10 8/8 0 +0.2 LB/HR
S C2140 R FLOW RATE H2 F/C 2 10 8/8 0 +0.2 LB/HR
§ C2141 R FLOW RATE H2 F/C 3 10 8,8 0 +0.2 LB/HR
$ (2142 R FLOW RATE O2 F/C 1 10 8.8 0. +1.6 LB/HR
S C2143 R FLOW RATE O2 F/C 2 - 108/8 0. +1.6 LB/HR
$ C2144 R FLOW RATE O2 FiC 3 10 8/8 0 +1.6 LB/HR
S (2160 X PH FACTOR WATER CONDITION F;C 1 10 878 NORMAL HIGH EVENT .
s C2161 X PH FACTOR WATER CONDITION F/C 2 10 §/S NORMAL HIGH EVENT.
$ (12162 X PH FACTOR WATER CONDITION F/C 3 10 8/5 NORMAL HIGH EVENT
§ (12323.X FUEL CELL 1 SHUT OFF MON 10 S/8 CLOSE OPEN EVENT
S (2324 X FUEL CELL 2 SHUT OFF MON. 10 S/5 CLOSE OPEN EVENT
S 2325 X FUEL CELL 3 SHUT OFF MON 10 /8 CLOSE OPEN EVENT

SUBSYSTEM MASTER EVENTS SEQUENCE CONTROLLER

C D0002 X LES ABORT INITIATE SIGNAL A 10 8/8 OFTF ON EVENT
C DoVo5 V" DC VOLTAGE PYRO BUS A 10 8/8 0 +40 VDC
C DO006 V' DC VOLTAGE PYRO BUS B 10 8/ 0 +40 VvDC
C D0023 X CM-SM SEP RELAY CLOSE A 10 §/8 OFF ON EVENT
C D0024 X CM-SM SEP RELAY CLOSE B 10 8,8 OFF ON EVENT
¢ D0037 X ELS SEQ START RLY CLOSE A 10 8/8 OFF ON EVENT
G DO038 X ELS SEQ START RLY CLOSE B 10 8.8 OFF ON EVENT
¢ DO044 X BOOSTER CUT-OFF SIG A 108.5 OFF ON EVENT
C D0062 X LES ABORT INITIATE SIGNAL B 10 8/8 OFF ON EVENT
¢ D105 X LES ABORT INITIATE SIGNAL B 1085 OFF ON EVENT
C D 0105 X TWR JETTISON A 10 88 OFF ON EVENT
C DO106 X TWR JETTISON B 1088 OFF ON EVENT
C DO120 X CANARD DEPLOY A 10 §/8 OFF ON EVENT
¢ DO121 X CANARD DEPLOY B 10 8,8 OFF ON EVENT
¢ D025 XoADAPT. SN SEP INITIATE.A 10 §/8 OFYF ON EVENT
G DO120 X ADAPT. SM SEP INITIATE B 1088 OFF ON EVENT
¢ DO127 X ADAPT SEPARATION A 108.8 OFF . ON EVENT
C DO128 X ADAPT SEPARATION B 10 8:8 OFF ON EVENT
¢ DO130 X HAND CONTROLLER INPUT A 1088 OFF ON EVENT
G DOI31 N HAND CONTROLLER INPUT B 108.8 OFF ON EVENT
G DO132 X EDS ABORT LOGIC IN NO' 1 10 8 8 OFF ON EVENT !
¢ DO133 X EDS ABORT LOGIC IN NO 2 U OFF ON EVENT 4
¢ D014 N EDS ABORT LOGIC IN NO 3 . 1088 OFF ON EVENT
£ DO135 X EDS ABORT LOGIC OUT A 10 8.8 OFF : ON EVENT
C 10136 X EDS ABORT LOGIC OUT B 1088 OFF ON EVENT
¢ D040 X DIRECT ULLAGE ON A 108 8§ OFF ON EVENT
¢ DO141 X DIRECT ULLAGE ON B . 1085 OFF ON EVENT
C DOIT0 X RCS ACTIVATE SI1IG A 1088 OFF ON EVENT
CDOITE X RCS ACTIVATE SIG B 108 8 OFF ON EVENT
¢ DO X CM RCS PRESS SIG A 108 5 OFY ON EVENT
CDOITE X CM RCS PRESS SIG B 1088 OFF ON EVENT
G D020 VDG BOLTAGE LOGIC BUS A 108 N8 +22 +37 VDC
¢ DO2O V' DC VOLTAGE LOGIC BUS 3 1088 +22 +37 VDO
C D230 X WD HN JETTISON A 108 8 O ¥ ON EVENT
C D023 N FWD HS JETTISON B 108 S OFF ON EVENT
G DO31S N EDN ENABLE A 108 S Orr ON EVENT -
¢ D036 X EDS ENABLE B ’ 1008 8 OFF ON EVENT )
CDIOOG N LES MOTOR INTTEATE A 10N 8 OFF ON EVENT
CPIOT N LES MOTORINITINVEEB 108N OFF ON EVENT
D-3-43
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SUBSYSTEM EARTH LANDING.SEQUENCE CONTROLLER.

C E0001 X DROGUE DEPLOY RELAY CLOSE A 10 §/8 OFF ON EVENT
C E0002 X DROGUE DEPLOY RELAY CLOSE B 10 8/8 OFF ON EVENT
C E0003 X MAIN CHUTE DEPL-DRG REL RLY A 10 8/8 OFF ON EVENT <
C E0004 X MAIN CHUTE DEPL-DRG REL RLY B 10 8/8 OFF ON EVENT
C E0007 X BARO SW LOCK-IN RLY CLOSE A 10 8/8 OFF ON EVENT
. C E0008 X BARO SW LOCK-IN RLY CLOSE B 10 §/8 OFF ON EVENT
C E0035 P BAROMETRIC PRESS STATIC REF 18/8 0 +15 PSIA
C E0321 X MAIN CHUTE DISCONNECT RELAY A 10 8/8 OFF ON EVENT
C E0322 X MAIN CHUTE DISCONNECT RELAY B 10 8/8 OFF ON EVENT

SUBSYSTEM ENVIRONMENTAL CONTROL

C F0001 P PRESSURE CABIN 18/S 0 +17 PSIA
C IF0002 T TEMP CABIN 1S/$ +40 +125 DEGF
C FO0U5 P PRESSURE CO2 PARTIAL 18'S 0 +30 MMHG
C FO006 P PRESS SURGE TANK 188 +50 +1050. PSIA
CTF0008 T TEMP SUIT SUPPLY MANIF 1SS +20 . +95 DEGF
CFO609 Q QUANTITY WASTE WATER TANK . 1S/8 0 +100 PCNT
C FOOI0 Q QUAN POTABLE H20 TANK 18/8 0 +90 PCNT
C F0012 P PRESS SUTIT DEMAND REG SUPPLY 18,8 0 +17 PSIA
C FOM5 P PRESS SUTI'T CONMPRESSOR DIFF 18/S 0 +1 PSID
C FF0016 P PRLESS GLYCOL PUMP OUTLET 18/8 0 +60 _ PSIA
CFU0017 T TEMP GLYCOL EVAP OUTLET STREAM 18/8 +20 +95 DEG
C F0018 T TEMP GLYCOL EVAP OUTLET LIQUID 18/8 +25 +75 DEGF
C FOO19 Q QUANTITY GLYCOL ACCUM 18/8 -10 +100 PCNT
C FOO20 I TEMP SPACE RADIATOR OUTLET 1S/S -50 +100 DEGF
C F0025 P PRESS PUMP PACKAGE INLET 50 §/S 0 +75 PSIA
S F0030 Q QUANTITY H2 TANK 1 18/S 0 +25 LB
S F003) Q QUANTITY H2 TANK 2 18/8 G +28 LB
S F0032 Q QUANTITY O2 TANK 1 18,8 0 +320 LB
S FO033 Q QUANTITY O2 TANK 2 18,8 0 +320 LB
C FO034 P BACK PRESS GLYCOL EVAPORATOR 10 8/8 +0.25 +0.25 PSIA
C FO035 R FLOWRATE ECS O2 18:8 +0.2 +1.0 LB/HR -
C FO036 P PRESS OUTLLET O2 REG SUPPLY 188 V] +1560 PSIA
S FOO3T P PRESS O2 FANK 188 +50 +1050 PSIA
S FO038 P PRESS O2 TANK 2 18/8 +30 +1050 PSIA
S FOU39 P PRENS H2 TANK 1 1§/8 0 +350 PSIA
S FOO41 T TEMP O2 TANK 1 18,8 -325 +80 DEGF &
S FOO42 T TEMP O2 TANK 2 18:/8 -325 +80 DFGF '
S FOM3 I TENP H2 TANK 1 18,8 -425 -200 DEGF
S FOO44 T 'TEMP H2 TANK 2 18.8 -425 -200 DEG F
C FOL20 P PRESS 120 AN\ND GLYCOL TANKS 18.8 0 +50 PSIA
CFOL25 R FLOW RAUE MAN INLET TO SUIT 1 18,8 0 +25 LB/HR
CFO136 R FILOW RYEE MAN INLET TO SUIT 2 1§88 0 +25 LB/HR
CFOI37 R FLOW RNTE MAN INLET TO SUIT 3 18§88 0 +25 LB/HR
CFOM8 P DPSUPETLY AND RETURN MAN 188 0 +0.8 PSID
C FOUA3 T TENP COMPRESSOR INLET 188 0 +200 DEGF
C FOL84 T UEMP CO2 ABSORBER OULLET 1S5 +90 +200 DEGF
CFO245 I FEMP O2 REG INLET 188 -50 +150 DEGF
G FO320 P PRESS POUTABLY H20 'ANK DRAIN 188 0 +50 PSIA
C FO327 P PRESS WANTE HZ20 TANK DRAIN 1SS 0 +50 PSIA
CFO481 T VLMP CPRBR VINLET 1SS +40 +150 DEG F
CFO482 T I'ENP CPBR 1 OUTLET 188 +40 +150 DEG F
C FO483 °T TEMP CP BR 2 INLET 188 +40 +150 DEG F
CrO484 U FENP CP BR 2 INLLET 1§,8 +40 +150 BEG F
C FO59 P DIFE PRESS COLDPLATL BR 1 188§ 0 +2.0 PSID
CFONO P DIFY PRESS COLDPLATE BR 2 188 0 +10 PSID
S FOodS TTENE sPAct RADINTOR INLET 188 +60 + 150 DEGF
SUBSYSTEM GUIDANCE AND NAVIGATION
C GOV CONMPUTER DIGHTAL DALY 40 BIES MS S
CGUOEY 28 vhie stepery 108.8 0 .35 VDC
CGHIN N 25V [N B s 1SN 0 +3 VDG
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C G1503 X IMU +28 VDC OPERATE 108/8 OFF ON EVENT

C G1513 X IMU +28 VDC STANDBY . 10 8/8 OFF ON EVENT
C G1523 X AGC +28 VDC 108/s OFF ON EVENT
. C G1533 X OPTX +28 VDC 108/8 OFF ON EVENT
f\ C G2110 V IGA TORQUE MOTOR INPUT 10S/8 -8 +8 VvDC
C G2112 V IGA 1X RES OUTPUT SINE IN PHASE 10 S/8 0 +50 DEG
C G2113 V IGA 1X RES OUTPUT COS IN PHASE. 10 §/8 45 DEG 135 DEG
) C G2117 V IGA SERVO ERROR IN PHASE 100 8/S 0 0.5 VRMS
C G2140 V MGA TORQUE MOTOR INZUT 10S/8 -8 +8 VDC PSA
N C G2142 V MGA 1X RES OUTPUT SINE IN PHASE 10 S/8 -45 +45 D¥G
C G2143 V MGA 1X RES OUTPUT COS IN PHASE 10 S/8 45 135 Dk
C G2147 V MGA SERVO ERROR IN PHASE 100 §/8 0 0.5 VRN
C G2170 V OGA TORQUE MOTOR INPUT 108/8 -8 +8 VvDC
C G2172 V OGA 1X RES OQUTPUT SINE IN PHASE 10 8/8 -45 +45 DEG
C G2173 V OGA 1X RES OUTPUT COS IN PHASE 10 §/8 45 135 DEG-
C G2177 V OGA SERVO ERROR IN PHASE 100 S/8 5 +5 VRMS
C G2206 V 1GA CDU 1X RES ERROR IN PHASE 10 A/S -8 +8 VRMS
C G2236 V MGA CDU 1X RES ERROR IN PHASE 10 8/8 -8 +8 VRMS
. C G2266 V OGA CDU iX RES ERROR IN PHASE 10 S/8 -8 +8 VRMS
C G2300 T PIPA TEMP 18/8 125 135 DEGF
C G2301 T IRIG TEMP 18/8 128 137 DEGF
C G2302 C IMU HEATER CURRENT 18/8 0 +5.000 AMP
C G2302 C IMU BLOWER CURRENT 18/8 0 +5.000 AMP 3
C G3102 V SXT TRUN MOTOR DRIVE IN PHASE 10 S/S -5 +5 VRMS ]
C G3112 V SXT SHAFT MOTOR DRIVE IN PHASE 10 §/8 -5 +5 VRMS- '
C G3133 V SCT TRUN MOTOR DRIVE 10 §/8 -5 +5 VRMS
C G3141 V TRUN CDU 16X RES ERROR IN PHASE 10 S/8 -50 +50 MVRMS
C G3200 V TRUN CDU MOTOR DRIVE IN PHASE 10 §/8 -5 +5 VRMS
C G3220 V SHAFT CDU MOTOR DRIVE IN PHASE 10 8/8 -5 +5 VRMS
C G4300 T AGC TEMP MONITOR 18/S 20 220 DEGF
C G5000 X PIPA FAIL 10 §/8 OFF ON EVENT
C G5001 X IMU FAIL 10 §/8 OFF ON EVENT
C G5002 X CDU FAIL 10 8/8 OFF ON EVENT
C G5003 X GIMBAL LOCK WA RNING 10 §/S OFF ON EVENT
. C G5005 X ERROR DETECT 10 §/8 OFF ON EVENT
' C G5006 X IMU TEMP LIGHT 10 8/8 OFF ON EVENT
C G5007 X ZERO ENCODER LIGHT 10 8/8 OFF ON EVENT
o C G5008 X IMU DELAY LIGHT 10 8/8 OFF ON EVENT
C G5020 X AGC ALARM 1 (PROGRAM) 10 8/8 OFF ON EVENT
C G5021 X AGC ALARM 2 (AGC ACTIVITY) 10 §/S OFF ON EVENT
C G5022 X AGC ALARM 3 (TM) 10 8/8 OFF ON EVENT
_ C G5023 X AGC ALARM 4 (PROG CK FAIL) 10 8/8 OFF ON EVENT
C G5024 X AGC ALARM 5 (SCALAR FAIL) 108/S OFF ON. EVENT
C G5025 X AGC ALA RM 6 (PARITY FAIL) 10 5/8 OFF ON EVENT
C G5026 X AGC ALARM.7 (COUNTER FAIL) 10 8/8 OFF ON EVENT
C G5027 X AGC ALARM 8 (KEY RELEASE) 108/8 OFF ON EVENT
C G5028 X AGC ALARM 9-(RUPT LOCK) 108/8 OFF ON EVENT
C G5029 X AGC ALARM 10 (TC TRAP) 10 8/8- OFF ON EVENT
) C G5030 X COMPUTER POSER FAIL LIGHT 108/8 OFF ON EVENT
C G6000 P IMU PRESSURL 18/8 0 25 PSTs
C G6020 T PSA TEMP 1 TRAY 3 13/8 10 250 DEG F
C G6021 T PSA TEMP 2 TRAY 2 18/8 10 250 DEG F
C G6022 T PS\ TEMP 3 TRAY 4 18/8 10 200 DEG F
SUBSYSTEM STABILIZATION AND CONTROL
C HO024 R. PITCH RATE 50 8/8 -25 +25 DEG/SEC
- C H0025 \' PITCH MAN ROTATION CONTROL 50S,/8 4 +4 VAC
C H0034 H PITCH POS FEEFBACK IN 50 8/8 -10 +10 DEG
C HOOMT C PTV DIFF CLUTCH VOLTS COMBINER 50 §/8 -800 +800 MANP
C Hu050 R PITCH RATE ERR AMP OUT 100 3/8 6 +6 DEG/SEC
C HO067 V' P INTEGRATOR ATT ERROR SUMMING 10S/8 25 +2.5 VDC
C H0074 V' MTVC PITCH RATE 50 8/S -25 +25 DEG/SEC
C HO0075 H PITCH SCS ATT ERROR 108/8 0 +10 VRMS
C H0087 X +PITCH +X SOLENOID DRIVER OUT 200 8/8 ON OFF EVENT
B C HO088 X -PITCH. +X SOLENOID DRIVER OUT 200 8,8 ON OFF EVENT

D-3.45




C H0089 X +PITCH/-X SOLENOID DRIVER OUT 200 S/S ON OFF EVENT

C H0090 X -PITCH/-X SOLENOID DRIVER OUT 200S8/S -~ ON OFF EVENT
C H0100 X G-N DV MODE CONTROL 10 8/8 OFF ON
C HO101 X G-N ATT MODE CONTROL 108/S OFF ONN EVENT
- C H0102 X G-N ENTRY MODE CONTROL . 10 §/S OFF ON EVENT
' C H0103 X MONITOR MODE CONTROL 10 8/8 OFF ON EVENT
C H1024 R WAW RATE 50 S/8 -25 +25 DEG/SEC
. C H1025 VV YAW MAN ROTATION CONTROL 50 8/S 0 5.0 VRMS
: C H1034 H YAW POS FEEDBACK IN 50 8/8 -8.5 +8.5 VDC
C H1047 C YTV DIFF CLUTCH VOLTS COMBINER 50 S/8 -800 +800 MAMP
: C H1050 R YAW RATE ERR AMP OUT 50 S/8 -6 +6 DEG/SEC
- C H1067 V Y INTEGRA TOR/ATT SUMMING 10 8/8 2.5 +2.5 vDC
C H1074 R MTVC YAW RATE 50 /8 -25 -25 DEG/SEC
C H1075 H YAW SCS ATT ERROR 10 8!8 0 10 VRMS
C H1087 X +YAW/+X SOLENOID DRIVER OUT 200 S/8 ON OFF EVENT
C H1088 X -YAW/+ X SOLENOID DRIVER OUT 200 S/8 ON OFF EVENT
C H1089 X +YAW/-X SOLENOID DRIVER OUT . 200 S/8 ON OFF EVENT
C H1090 X -YAW/-X SOLENOID DRIVER OUT 2008/S . ON OFF EVENT
C H1100 X SCS DV MODE CONTROL 10 S/8 OFF ON . EVENT
C H1101 X SCS ATT MODE CONTROL 10 8/8 OFF ON EVENT
C H1102 X SCS ENTRY MODE CONTROL 10 /8 OFF ON . EVENT
C H1103 X SCS LOCAL VERTICAL MODE 10 8/8 OFF ON . EVENT
C H1104 X MTVC MODE CONTROL 10 8/8 OFF ON EVENT
C H2015 V COMBINED AG SMRD .10 8/8 0 800 CPS
C H2024 R ROLL RATE 50 S/8 -25 +25 . DEG/SEC
C H2025 V' ROLL MAN ROTATION CONTROL OUT 50 §/8 0 +5 VRMS
C H2026 V COMBINED RG SMRD 10 5/8 0 1600 CPS
C H2030 T COMBINED ATTTITUDE GYRO TEMP 18/8 0 5 vDC
C H2050 R ROLL RATE ERR AMP OUT 50 8/S -6 +6 DEG/SEC
C H2070 H ROLL ATTITUDE ERROR AMP OUT 10 8/8 -25 +25 VvDC b
C H2075 H ROLL SCS ATT ERROR 10 8/8 0 10 VRMS 2
C H2087 X +ROLL/+Z SOLENOID DRIVER OUT 200 S/8 ON OFF EVENT
C H2088 X -ROLL/ +Z SOLENOID DRIVER OUT 200 S/8 ON OFF EVENT 3
C H2089 X +ROLL/-Z SOLENOID DRIVER OUT 200 S/8 ON OFF EVENT
C H2090 X -ROLL/-Z SOLENOID DRIVER OUT. 200.8/8 OFF ON EVENT
C H209t X +ROLL/+Y SOLENC:ID DRIVER OUT 200 S/8 OFF ON EVENT
C H2092 X -ROLL/+Y SOLENOID DRIVER OUT 200 S/8 OFF ON EVENT
C H2093 X +ROLL;-Y SOLENOID DRIVER OUT 200-8/8 OFF ON EVENT
C H2094 X -ROLL/-Y SOLENOID DRIVER OUT 200 §/8 OFF ON EVENT
C H3185 X -05G MANUAL SWITCH 108/8 OFF ON EVENT
C H3186 \' D\' REMAINING POTENTIOMETER OUT 10 8/8. 0 +-3K FT/SEC
C H4100 H RESOLVER SIN OUT PITCH ATT 10 8/8 12 . +12
C F4101 H RESOLVER COS OUT PITCH ATT . 10 8/8 0 160 DEG
C H4102 H RESOLVER SIN OUT YAW ATT 10 8/8 12 +12 VAC
_ C H410 H RESOLVER COS OUT YAW ATT 10 S/8 12 +12 VAC
- C H4104 H RESOLVER SIN OUT ROLL ATT 10 8/8 -12 +12 VAC
C H4105 H RESOLVER COS OUT ROLL ATT 10 S/8 .12 +12 VAC
C H4320 X $PS SOLENOID DRIVER OUT 1 50 8/S OFF ON EVENT
C H4321 X SPS SOLENOID DRIVER OUT 2 50 S/8 OFF ON SVENT
SUBSYSTEM CREW EQUIPMENT
C J0002 ] PNEUM SLECTOR SW OUTPUT SIG 500 /8 -5 +5 OHM
CJOu66 ] EKG AXIS 1 SEL SW OUT SIG 200 8/3 0.1 +5 MV
C JO067 ] EKG AXIS 2 SEL SW OUT SIG ’ 200 S/ 0.1 -5 MV
C J0210 X SEL $W POSITION ASTRO 1 108/8 OFF ON EVENT
C J0211 X SEL $W POSITION ASTRO 2 108/8 OFF ON EVENT
C J0212 X SEL SW POSITION ASTRO 3 10 §/8 OFF ON EVENT

SUBSYSTEM SERVICE PROPULSION

S POOOL P HE TANK PRESS 10 S/8 0 +5K PSIA
S PO002 T HE TANK TEMP 18/8 -100 +200 DEGF
$ PO03 P PRESS OXIDIZER TANKS 10 8/8 0 +300 PSIA
S PO005 T TEMP OXIDIZER ENG FEEDLINE 10 8/8 0 +200 DEGF
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S P0006 P PRESS FUEL TANKS

S P008 T TEMP FUEL ENG FEEDLINE

$ P0009 P PRESS MAIN VLV ENG OXIDIZER. IN
$ P0010 P PRESS MA IN VLV ENG FUEL IN

$ P0020 T TEMP CHAMBER OUTER SKIN )

$ P0022 H POSITION FUEL/OXIDIZER VLV 1.
$ P0023 H POSITION FUEL/OXIDIZER VLV 2
S P0024 H POSITION FUEL/OXIDIZER VLV 3
S P0025 H POSITION FUEL/OZIDIZER VLV 4

S P0045 T TEMP ENG VLV BODY

S P0048 T TEMP ENG FUEL FEEDLING

S P0049 T TEMP ENG OX FEEDLINE

S P0050 T TEMP NOZZLE CUTER SKIN 1

$ P0054 T TEMP 1 OX DIST LINE

$ P0055 T TEMP 2 OX DIST LINE

S P0057 T TEMP 1 FUEL DISTLINE

S P0058 T TEMP 2 FUEL DIST LINE

S PO060 T TEMP INJECTOR MAN -

$ P0600 P ENG VL\' ACT SYS TENK PRESS PRI
S PO601 P ENG VLV ACT SYS TANK PRESS SEC
$-P0655 Q QUAN OX TANK 1 PRI-TOTAL A UX
S P0656 Q QUAN OX TANK 2

$ P0657 Q QUAN FUEL TANK 1 PRI-TOTAL AUX
S P0658 Q QUAN FUEL TANK 2

S P0661 P PRESS ENGINE CHAMBER

S P2054 T TEMP GIMBAL A CTUATOR CASE (YAW)
S P2055 T TEMP GIMBAL ACTUATOR CASE (PITCH)

108/S
10S/8
10 S/8
10 S/8
18/8
108/S
108/8
108/S
10S/8
18/8
18/8
18/8
18§/8
18/8
50 S/S
50S/S
50 S/S
10 S/8.
1 S/8
10 S/S.
1 8/8
18§/8
1 8/8

18/8

100S8/8
108/8
18/8

5
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SUBSYSTEM REACTION CONTROL

C RO001 P HE PRESS TANK A

C RO002 P HE PRESS TANK. B

C R0003 T HE TEMP TANKS A

C R0004 T HE TEMP TANK B

C RO005 P PRESS FUEL TANK A

C RO006 P PRESS FUEL TANK B

C RO011 P PRESS OXIDIZER TANK A

C RO012 P PRESS OXIDIZER

C R2201 T TEMP OX V'L\' CCW ENG SYS A
C R2202 T TEMP OX VLV -Y ENG SYS A
C R2203 T TEMP OX VLV +Y ENG SY'S B
C R2204 T TEMP OX VLV -P ENG SYS B
C R2205 T TEMP OX VLV -P ENG SYS A
C R2206 T TEMP OX V'LV CW ENG SYS B

C R4561.T TEMP CCW ROLL ENG OUT WALL T3 SYS A
C R4582 T TEMP.CCW ROLL EXG OUT WALL T3 SYS B

S R5001 P HE PRESS TANK A

S R5002 P HHE PRESS TANK B

S R5003 P HE PRESS TANK C

S R5004 P HE PRESS TANK D

S R5013 T HE TEMP TANK A

§ R5014 T HE TEMP TANK B

S R5015 T HE TAMP TANK C

S R5016 T HE TEMP TANK D

S R5055 Q QUANTITY SN RCS PROP BITS 1-8
S R5056 Q QUANTITY SN RCS PROP BITS 9-14
S R5065 T TEMP ENGINE PACKAGE Al

S R5066 T TEMP ENGINE PACKAGE Bl

$ R5067 T TEMP ENGINE PACKAGE Cl

S R5068 T TEMP ENGINE PACKAGE D1

S R5729 P A HE MANIFOLD PRESS

S R5733 P A OXIDIZER MANIFOLD PRESS

S RH737 P A FUEL MANIFOLD PRESS

S R5776 P B HE MANIFOLD PRESS

S R5784 P B FUEL MANIFOLD PRESS

S RH817T P C HE MANIFOLD PRESS
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18/8
18/8
18/8
18/8
10S/S
10S/S
10S/S
108/S .
50 S/S
10 S/S
18/S
1 8/
50-S/8S
1. S/S
500 S/S
50 §/S
1.8/8
18/8
18/8
18/S
200S,S
200 S/S
100S!S
188
10 §/S
10 8/8
1S8/8
1S/8
18/8
18/8
10 8/
100S/S
100 S/S
10 S/S
100S/S
10 3.'S

0
0
0
0
0
0
0
0

-50
-50
-50
-50
-50

U
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+300
+200
+300
+300
+500
+90
+90
+90
+90
+250
+200
+200
+2500
-250
+250
+250
+250
+200
+2500
+5000
+16K
+16K
+8K
+8K
+150
+200
+200

+5K
+5K
+300
+300
+400
+400
+400
+400
+250
+250
+250
+250
+250
+250
+1000
+1000
+5K
+5K
+5K
+5K
+150
+150
+150
+ 150
+70
+ 140
+300
+300
+ 300
+300
+400
+300
+300
+400
+300
+400

PSIA
PSIA
DEGF
DEGF
PSIA
PSIA
PSIA
PSIA
DEG F
DEG F
DEG F
DEG F
DEG F
DEG F
DEG F
DEG F
PSIA
PSIA
PSIA
PSIA
DEG ¢
DEG F
DEGF
DEGF
LB

DEG F
DEG F
DEGF
DEG F
PSIA
PSIA
PSIA
PSIA
PSTA
PSIA




S R5821 P D HE MANIFOLD PRESS 100 S/S 0 +300 PSIA

$ R £322 P C FUEL MANIFOLD PRESS 100 S/8 0 +300 PSIA

S R5823 P D FUEL MANIFOLD PRESS 100 8/8 0 +300 PSIA

S R5830 P D HE MANIFOLD PRESS 10 8/8 0 +400 PSIA

S R7128 T TEMP IN] HEAD +Y ENG 8YS B 50 S/S 0 +500 PSIA .

§ R7134 "I TEMP IN] HEAD CCW ENG SYS A 50 §/8 0 +500

SUBSYSTEM LAUNCH VEHICLE EMERGENCY DETECTION

B S0016 X LAUNCH VEN BUIDANCE FAIL A 10 8/8 OFF ON EVENT

B S0020 X LAUNCIH VEH RATE EXCESSIVE A 10 S/S OFF ON EVENT

B S0030 X ENG NO 1 OUT A 10 8/8 OFF ON . EVENT

B $0032 X ENG NO 2 0OUT A 10 S/S OFF ON EVENT

B S0034 X ENG NO3OUT A 10 /8 OFF ON EVENT

B S0036 X ENG NO 4 OUT A 10 8/8 OFF ON EVENT

B S0038 X ENG NO 5 OUT A 10 8/8 OFF ON EVENT

B 80040 X ENG NO 6 OUT A 10 S/8 OFF ON EVENT

B S0042 X ENG NO 7 OUT A 10 8/8 OFF ON EVENT

B $0044 X ENG NO 8 OUT A 10 S/8 OFF ON . EVENT

B S0060 X LIFT OFF SIGNAL A 10 8/S OFF ON EVENT

B-S0061 X LIFT OFF SIGNAL B 10 8/8 OFF ON EVENT

C S0080 X EDS ABORT REQUEST A 10 8/8 OFF ON. EVENT

L S0090 X TOWER PHYS SEPARATION MON-A 10-S/S OFF ON EVENT

L $0091 X TOWER PHYS SEPARATION MON B 108/8 OFF ON EVENT

C S0100 X CM-CM PHYS SEPARATION MON A 108/8 OFF ON EVENT 4

C S0101 X CM-SM PHYS SEPARATION MON B 108/8 OFF ON EVENT -

S 80120 X SM/ADAPTER PHYS SEPARATION 10S/§ OFF ON EVENT ’

$ 50121 X SM/ADAPTER PHYS SEPARATION 10 8/8 OFF ON EVENT

C S0150 X MASTER CAUTION-WARNING ON 10 S8/8 OFF ON EVENT

SUBSYSTEM COMMUNICATIONS AND INSTRUMENTATION

C T0012 X TAPE MOTION MONITOR OPER 10 8/8 OFF ON EVENT

C T0013 X TAPE MOTION MONITOR R AND D 10 S/S OFF ON EVENT

C T0015 V' SIG COND POS SUPPLY VOLTS 108/8 0 +35 VDC

C T0016 \' SIG COND NEG SUPPLY VOLTS 10 8/8 0 -35 VDG T

C TOMT V" SENSOR EXCITATION 5 VOLTS 1088 0 +8 VvDC @

C T0018 V' SENSOR EXCITATION 10 VOLTS 10 8/8 0 +17 VDC

C 10055 \' IV CAMERN TARGET VOLTAGE 10 S/8 0 +500 FT LMB

C T0089 C-BAND XMTR OUTPUT MONITOR 10 S/8 100 1300 PRF

C T00Y8 F C-BAND DECODER OUT 10 S/8 100 1300 Pt.

C TO108 K GAS ANALYNIN-SUIT AND CABIN 10 8/8 0 5 VDG

C TO120 X PCM BI'T RATE CHANGE 8 BIT 1 S/8 DIGITAL

CT0125 A" PCM T LEVEL 85 PERCENT RER 10 §/8 0 5.0 VvbC

C TO0126 V" PCM HI LEVEL 15 PERCENT REF 10 S/S 0 5.0 VDC

C T0127 \" PCM LO LEVEL 85 PERCENT REF 1 88 0 .040 \'DC

C T0128 V' PCM LO LEVEL 15 PERCENT REF 18/8 .040 VDC

C T0141 X CTE TIMING MCDE MONI'TOR 10 8/8 OFF ON EVENT

C TO142 I CENTRAL TIMING GMT 32 BIT 108/8 DIGITAL

C TO4T V' S-BAND REC AGC VOLTAGE 10 8/8 -130 -40 DBM

C TO0191 V" VHEF: AM REC AGC VOLTAGE 10 §:8 -25 -1 oo 3
’ CT0212 V' S-BAND REC STATIC PHASE ERROR . 108,8 -60K +60K. DEV CPS

C T0215 V' S-BAND NMTR DETECTED RF OUTPUT 10S/8 0 600 MW

C 70261 V' UDL REC SIGNAL STRENGTH 10 8/8 -110 90 DBM

CT0262 V' UDL SYS VALIDITY SIGNAL &-BIT 50 8/S DIGITAL

CT0320 V VHE AM XMTR DETECTED RF OUTPUT 100 8/8 0 12 WATTS

G T0330 V' VHF FM XMTR PA DETECTED RF OUT 10 8/8 0 18 WATTS

CT0340 N PCM TINMING SOURCE EXT OR INT 10 8/8 INT EXT EVENT
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b. SEQUENTIAL SYSTEMS
N (1) SEQUENTIAL SYSTEM CONFIGURATION
‘ ' (a) Ordnance was only installed and eléctrically connected in the forward deck aréa under the
forward heat shield. The forward deck hamess was disconnected from pyro continuity verifi-
cation box and shorting plugs were installed. All other ordnance which was installéed did not
contain thé initiating devices.
(b) The flight connections, which aré made to the GSE access connectors of the RCS control box-
es in order to reset the 6l-second time delays during the términal. count EDS test, were not
connécted, due to a checklist error. )
A (¢) A circuit breaker box was inserted between the SM pyro batteries and the SM jettison con- ‘
] trollers in order to términate —x translation of the SM at CM/SM separation, to prevent SM jet-
tison battery depletion.
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(2). COMMENTS ON DATA
An analysis of the SC-012 sequential system data for the time .petiod from 23:12:00 GMT
through 23:31:17.398 GMT ‘indicates normal system operation during this time.

At approximately 23:31:12 GMT the battery buses wexe switched on the main buses,
which caused the logic buses to drop to the main bus voltage level. Refer to subsequent
paragraph c. for further discussion of the switching.

At 23:31:15.5 GMT a master alarm occurred. This condition was caused by O2 high
flow, in that O2 flow 1ate was saturated for the 15 seconds prior to this master alarm (See
figure 3-5). '

At 23:31:26.712 GMT, hardline data indicates that EDS ‘‘unsafe A” came on. This
indicates that at this time one of the thiee EDS buses from the spacecraft to the launch vehicle
was lost. Since two of the EDS bus circuit breakers weie open when cockpit configuration

was established post-incident, the determination is that the first circuit breaker was tripped at
this time.

pg

One non-instrumented anomaly was noted by the lannch vehicle personnel duiing the EDS
test at 20:52:23 GMT. At this time the launch Vehicle Attitude Reference Fail check was
being peiformed. EDS bus 1 was turned off and astronaut was to veiify no change in the
panel 5 status light.  However, he stated that the “‘Engine 8 Out’" light went off. This
light came back on 8 seconds later as reported by the astronaut and vetified on the voice
tape. Data 1eview shows no switching in the cockpit from the time the EDS bus 1 went oif
for approximately 39 seconds. No further information. is available since this is the “‘B” side
of the light and it is not instiumented. At this time no explanation is available.

¢. ELECTRICAL POWER
(1). SYSTEM CONFIGURATION
Just prior to the incident, the spacecraft DC buses were being powered fiom GSE ground
power supplies via the S/M GSE flyaway umbilical. Spacecraft batteries were not connected
to the main DC buses. The fuel cell (F/C) simulator (C14-395 battery pack) was connected
to fuel cell no. 1 and fuel cell no. 3 harnesses (fuel cells 1, 2 and 3 wete disconnected) but
not tied to the spacecraft buses.

Spacecraft AC bus 1 was powered by inverter 1 which was powered from DC bus A,
and AC bus 2 was powered by inverter 2 which was powered fiom DC bus B. Inverter
3 was not operating since it is vsed only for backup in the event of failure of inverter no.l
o 2.

Bus versus equipment configuration is shown in Table 4.3-1.
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(2). COMMENTS ON DATA . | <
(a). The eléctrical power system was operating normally throughout the performance of i
OCP-FO-K-0021-1 up to approximately 23:30:55 GMT. At that time a sniall, short dur- /

ation incréase in AC bus 2 voltages (all three phases) was noted. Prior to this time the
AC bus 2 voltages were steady to within one bit of information and as follows (sée
Figuie 3-2):

Phase A (CC0203) - 117.0 to 117.6 VAC

Phase B (CC0204) - 116.6 VAC -

Phase C (CC0205) - 112.5 VAC

v The voltages variéd from this steady state value as follows:
AMPLITUDE ’ AMPLITUDE
TIME (GMT) ) (VOLTS). TIME (GMT) (VOLTS)
Phase A 23:30:54.920 125.8 23:30:55.020 117.0
Phase I3 23:30:54.920 120.8 23:30:55.026 117.2
Phase C 23:30:54.927 117.2 23:30:55.027 113

The voltages then retvined to the valves previously recorded (iefer to Panel 18 Repot,
AC bus 2 voltage variations, for further discussion) and remained at those values up to
LOS.

The only other unusual indication in ' the EPS systein prior to LOS occurred at .
23:31:13 GMT with indications that Bat B&C had been connected to the main DC buses,
followed at 23:31:14 GMT by indications that Bat A&C had been connected to the main
DC buses (sce Figure 2-3). This was accomplished by crew manual conncction of these
batteries to the main buses. The switches used to accomplish this (panel 22 - main bus
tic Bat B&C) were found during post-incident inspection to be in the positions that would
connect these batteries to the main buses.

(b). There is no cvidence of an electrical short indicated in any of the other EPS
paranlclcrs.

(3)- SYSTEM POWER REMOVAL
Following the incidént, removai of external power was begun at 23:32:46 GMT and all a
external power was removed by 23:33:13 GMT. However, there was no way to remove Bat A,
B, and C from the buses, and spacecraft buses remained powcred until the batteries were
dépleted (estimated at approximatély 05:30 GMT, 28 January 1967).

d. GUIDANCE AND NAVIGATION SYSTEM
(1). SYSTEM CONFIGURATION
The guidance and navigation system was in the normal launch configuration with the follow-
ing ¢xceptions: .
(a). The coupling display units (CDU) hermetic sealing panel was not installed.
(b). The ground test access cotinector covers were not installed on the power-servo assenbly
tiiys.

(2). DATA EVALUATION

Data evaluation of all the instrumented parameters associated with guidance and naviga-
tion has not revealed any facts that would indicate a ntalfunction which might have contrib-
uted to the accident. All system opération was normal prior to the incident.

The physical characteristic of the system design lends itsell to supplying nonsystem related

facts associated with the iucident, e.g.: .
(a). Change in navigation base pitch angle correiates with crew compartment pressure
chaages, as discussed in the Panel 18 veport.
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TABLE 4.3-1 SC 012 EQUIPMENT VS BUS CONFIGURATION AT 23:30:00 GMT

v — DC_ | DC PYRO | PYRO | AC | AC
EQUIPMENT MNA |MNB |BATABATB | A B |BUS1 [BUS2

EPS

Entry Bat A NC Conn
Entry Bat B N.C Conn
: Post Land Bat N/C N/C
Pyro Bat A Conn
Pyro Bat B Conn
Bat Charger N7C
Inv 1 DC (Input) Conn
Inv 1 AC (Output) Conn
Inv 2 BC (Input) Conn
Inv 2 AC (Qutput) Conn
Inv 8 DC (Input) . N/C N/C
Inv 3 AC (Input) N/C | N/C
Power Factor Corr Box Conn | Conn
Phase Synch Box N/C N/C
AC O V.UV Unit Conn | Conn
DC U 'V Unit Conn Conn

FUEL CELL & CRYO

None

SEQUENTIAL
MESC Coni Conn | Conn Conn
E1SC Conn Conn | Conn Conn
P.SC Contr Box Conn Conn | Conn Conn
C&W Power Sup. 'Lights Conn Conn
Dig Event Timers Conn Conn
PCVB Conn Conn
Emetg Det System Conn Conn

SCS AND G N
ML Conn Conn
IMU Heater Conn Conn
Computer Conn Conn
Lighting Conn
$CS Partial Power Conn Coin
Rate Gyro Conn
Rotation Control Conn
BMAG Conn Conn
TVC (I XD
RCS Direct Coils N G NC
RCS Notmal Cotls Conn | Conn

NC: Not Conned ted,

Conn: Connected.

— PP
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TABLE 4.3-1 SC 012 EQUIPMENT VS BUS CONFIGURATION AT 23:30:00 GMT (Continved)
5 SN DC DC R | PYRO | PYRO AC | AC
‘ EQUIPMENT CanA | np [BATAIBATEL A B | BUS1| BUS?2
INSTRUMENTATION
PCM Conn
\ SCE Conn Conn Conn
Central Timing Equip Conn Conn
F1t Qual Redr Conn N./C
DSE Conn Conn N./C
pPanel 204 (Non ESS) Conn
Panel 204 (ESS) - Conn Conn
C14A12 Fuse Box Conn
MDAS Conn
COMMUNICATIONS
UDL Cotin Conn
TV Conn Conn
VHHF FM Conn Counn N/C | Conn
S Band PA Conn Comn Comn | N’C
PMP Conn Coun Comn | N'C
Audio Center Comn ¢ Com
VHE. RCV BON N C N'C
HY N'C N C
DSEA N C* N C
VHE AM Conn Comn
g ¢ Band Conn
$Power (onnector not hooked .
up to DSEA. Circuit breaker
wils on,
PROPULSION
None
ECS
HoO Accum Conn. Conn
Cabin A Fan 1 Conn
Cabin Air Fan 2 Conn
» suit Compressors Conn | N'C
Glycol Pumps Coan | N C
Waste & Pot 10O Coun Conn
Nders, Press GPIN2 Conn Conn
ECS Xder, Temp Conn Conn
Radiator 1sol Valve 1 Conn
Radiator 1sol Valve 2 NC
Pot 1,0 Conn Conn




(b). Changes in gunbal torque motor input voltages indicate vehicle movement, as dis- .
cussed in the Panel 18 report.

Since the G&N system was in.the gyrocompassing mode during the test, the system
attémpted to maintain the inértial platform horizontal to local gravity and the azimuth
at a predetermined heading.  Any motion that tends to alter these conditions results
in a correcting voltage being applied to the platform gimbal torque thotors. Crew activity
can impart motion to the vchicle, which could result in torque motor voltages which
can be discerned from normal signals applied during gyrocompassing.

(3). DATA PECULIARITIES
After the fire startéd. the Check Fail Alarm .CGE005 and Error Detect PGNS alarm
CG5023 came on at 23:31:17.3. '

¢. STABILIZATION CONTROL SYSTEM
(1). SCS CONFIGURATION
The SCS was configured to launch configuration, with the following exceptions: .
(a). Only one (1) rotation controller was installed.
(b). Only one (1) wraaslaton control was installed.
(¢). The AL4-275 quad simulators. were connected instead of the RCS engines.
(2). COMMENTS ON DATA
Data analysis indicates normal operation. of all parameters until loss of data, with the
following exceptions:
(a). ROTATION CONTROL OUTPUT SIGNALS
At 23:30:54:85 GMT, a monientary shift in level was noted on the rotation control
output pitch (CHO025), yaw (CH1025), and roll (CH2025) measurcinents.. The power
for these parameters was supplied by AC bus 2, phase A. This occurrence is associated
with the AC transient (sce Figure 5.2-1 in the Panel 18 Report for further discussion).
At 23:31:14.6 GMT a signal was noted on the roll rotation control output of approx-
imately 1.75. VAC and the associated signal of the roll error amplifier. output which is
equivalent to monitoring the controller for position roll. At the same time, small tran-
sients were noted on the pitch and yaw rotation control output measurements are pro-
portional to the amount and direction of controller position.

At the time of the incident, the rotational control was pinned in a null position,
Physical examination of the rotation controller following the incident showed the handle
still pinned and with no apparent damage to the pin.  Soot deposits ont the pin indicated
slight pin motion. Special tests indicate the pin will allow slight inovement of the controller
with an appreciable output signal.

(b). RATE ERROR AMPLIFTER OUTPUT OSCILLATIONS

Beginning at 23:31:04 GMT. and continuing to loss of signal, small amplitude oscil-
lations were noted on the roll rate error amplifier output.  Smaller oscillations and trans-
s were noted on the pitch and yaw raté error outputs (see Figures 3-7 and 3-8).
These changes correlate with spacecraft movement.

(). MTVC ENGAGE

At 23:31:18.2 GMT. following a loss of signal of approximately 800 milliseconds,
the event manual thrust vector control (MIVQ) engage was noted to have changed state
from OFF to ON. This condition continued until loss of signal.

Following this event, pitch and yaw MTVC rate gyro outputs showed activity in-
dicating the MTVC circuits were active (see Figure 4.5-2).  MTVC engage is actuated
by physically rotating the T-handle on the translation controller to a €W position. Fx-
amination of the translation controller following the incident showed the T-handle to be
in a MIVC ON position.

(d). Beginning at 23-31.20 GME. RCS solenoid driver activity was indicated, which could
be the result of shorts in spacecraft wiring,  This time was just prior to the loss of data.




CH2025 ROLL MAN ROTATION CONTROL QU1

CH2050 ROLL RATE ERR AMP OUT

CH0025 PITCH MAN ROTATION CONTROL

T

CHO050 PITCH RATE ERR AMP OUT

CH1025V YAW MAN ROTATION CONTROL

CH1050R YAW RATE ERR AMP OUT
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FIGURE 4.5-1 ROTATION CONTROLLER OUTPUT SIGNALS
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f. ENVIRONMENTAL CONTROL SYSTEM
(1). OXYGEN SUPPLY SUBSYSTEM CONFIGURATION (See Figure 4.6-1)
Gaseous oxygen from K-bottles was utilized for environmental oxygen throughout the
test. The following GSE was used for support:.
(a). K-Bottle and Regulator
The K-bottle regulator was adjusted at 14:15 GMT and maintained throughout
the test at approximately 1000 psig to the gas pressure panel. One K-bottle change
was performed at approximately 20:18 GMT.
(b). Gas Pressure Panel
The outlet from the K-bottle regulator was regulated down to 650-750 psig in the
unit and maintained at this valué throughout the test.
(c). Oxygen Valve Panel
This panel was used as an isolation interface between gas pressure panel and the service
module oxygen pneumatically operated disconnect (POD).
(d). Spacécraft Oxygen System Configuration
The oxygen entering the service module was isolated from the cryogenic tanks by
check valves. The O2 entered the command module through one of two available supply

linés to the oxygen surge tank, one pound bottle, and regulators for distribution to various
O2 subsystems.

(2). COMMENTS ON OXYGEN SUBSYSTEM DATA
The oxygen system worked normally both priot to and after the report of the fire, with
the exception of the high O2 flow rate. This is discussed in the Panel 18 Report.

(8). SUIT CIRCUIT OXYGEN SYSTEM CONFIGURATION

Oxygen at 100 psig was supplied to. the suit circuit through the demand pressure regu:
lator (s2e¢ Figure 4.6-2).

The demand pressure regulator is used for normal makeup, or demands of up to 0.70
ib/min of oxygen. The demand regulator test selector is used to pressurize the suit circuit
for suit integrity tests.

(4). COMMENTS ON SUIT CIRCUIT OXYGEN SYSTEM DATA

The suit circuit oxygen system worked normally both prior to and after the report of
the fire.. At 23:31:09.6 GMT, the suit' flow for the SRP suddenly went to lower limit for
2 seconds and back to full scale in a stép function. See Panel 18 Report for further discussion.

(5). W/ G SUBSYSTEM CONFIGURATION (see Figure 4.6-3)

Water glycol was being supplied from GSE (S14-053) and as it would be for normal
launch, with one éxception, the solenoid-operated valve on the return line in the service module
was powered by an auxiliary 28 VDC supply to maintain flow after the umbilical disconnect
(Plugs Out). Cold water glycol is supplied to the S/C from the trim control unit (814-053)
at constant pressure. temperature, and flow rate. The linal adjustmsnts of these conditions
were made immediately following inner hatch installation at 19:45 GMT. Supply pressure
was constant at 69.5 psia (FF5062).

Supply temperature was adjusted in order to achieve 40 £ 1 degree F at the glycol evap-
orator outlet.

Actual value was constant 40.9°F, measured at CFOOI18T. Flow rate was adjusted
to a constant 196.5 lb, he (FF5063).
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(6) COMMENTS ON DATA

At about 8 minutes prior to the crew call of fire the accumulator quantity pressure meas-
urement started a gradual decrease whith continued to the time when the cabin pressure rose
because of the fire. The supply pressure measurement, which also sensey changes of pressure
within .the glycol system, showed an associated change during this _period of time. See Panel
18 Report for furthér discussion.

g. COMMUNICATION
(1). The communication system was in launch configuration except for the following:
(a). Only onc data storage electronic assembly voice recorder (DSEA) was installed, but
was not elécttically connected. Two DSEA’s are required fo: launch. configuration, with
only ohe connectéd.
(b). Only one bio-med té¢ adaptér was installed (SRP position). For flight there would
be three.

R R ol ablnas i 2200

(c). CMD Pilot was using a flight-space cobra cable (-51) instead of the normal cable .

(-41); the cobra cable was changed during the :‘live mike" troubleshooting.
(d). Audio control panel and cobra cableé switches were in position to facilitate testing
as a workaround for the “'live mike'’ problem.
(e). The USBE was in the ‘‘transponder only’’ mode (power amplifier *‘off’’). The launch
configuration transponder power amplifier mode would have been selected at T-10 minutes.
Figure 4.7-1 shows the astronaut umbilical communication system cobra cable, tee. adap-
ter, etc.
(2). CONMMENTS ON DATA
(a). All data reviewed indicates that the spacecraft communication system performed
normally between 23:30:00 GMT and LOS, except for the following:
(1). VHF;/FN DROPOUT - A momentary dropout occurred in the RF detected
PCM video wave-train at 23:30:54.85 GMT and lasted for approximately 30 milli-
seconds. MSOB and the TEL IV signal strength parameters of the VHF/FM carrier
had a momentary dropout coincident with the PCM video dropout. Scc Panel 18
Report for further discussion. .
(2). C-BAND DROPOUT - A C-band dropout occurred at 23:30:54.85 GMT and
lasted for 1.7 scconds (see Figure 3-2). The dropout was indicated in the receiver
decoder and in the transmitter output. Both are PCM data points which are sampled
10 tmes per second, and both have. RC time constants of 0.1 second. Scc Pancl.
18 Report for additional details.
(3). "LIVE MIKE™ CONDITION - Voice tape analysis and PCM data records
showed a ‘live mike™ (constant keying) condition existed from the CMD Pilot position
during a considerable portion of “the final test period. See Panel 18 Report for great-
er detail.
(b). VOICE RECORDINGS
Voice recordings were made in the Manned Spacecraft Operations Building (MSOB)
ACE Station, MSOB Open Loop Communication Station (MOLC), Blockhouse 34, NMCCK
at Cape Kennedy, MSC-Houston, and NAA Downey via Houston (see Figure 4.7-2).
The data from these tapes were studied. in an attempt to determine possible clues to
the cause and crew reaction to the fire. A transcript was made of the S-band and
VHF, AN tracks of the MOLC voice tape from 23:29:45.5 GMT to LOS. This tape
was chosen . because it contained the only direct S-band voice from the S;C and was
less noisy than the OIS tapes.
(). ANALYSIS OF OSCILLOGRAPH RECORDING
The voice transmissions shown in Figure 3-9 were analyzed with the use of MOLC
tapes and PCM data. This figure shows the VHF AN and S-band voice tracks oscillo-
graph readout from 23:29:42.5 GMT to LOS.
(1). 23:29:42.5 10 23:30:14 GMT
(a). The CNMD was transmitting on S-band. The SRP made a voice transmission
on S-band and VHEF,; AM. Therc was no voice trensmission by the PLT.
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(b). The ground personnel were transmitting to the 8/C on S.band. The voice of the
CMD was being turned around by the CAST (astro communicator console) system and .
retransmitted to the §/C on VHE.

(c). The “live mike'" noises are not evident, probably because of the higher noise level
caused by the uplink S-band being patched to the MOLG RF recorder.

(2). 23:30:14 10 23:31:00 GMT

(a). There were no voice ransmissions from theé 8/C.

(b). The ground personnel werd not trahsmitting to the §/C on VHF.

(c). There was no change in the “‘hive mike” condition. Considerable amounts
of mnoise similar to those abtained when a tsicrophone is brushed or tapped,
including breathing sounds, were evident.  Some of thé louder noises appear
to have had sufficient amplitude 1o (rigger the uplink VHF/AM via CAST.

. 23:31:00 GMTTO LOS

(a). There were (wo . series of voice transiissions on S-band. The times for these
Lwo transmissions are detailed in Figure 3-9.  No voice communications on VHF
were made from the 87 C during this time period.

(b). The ground personnel  were not. rrapsmitting o the -8/C on VIIF. The
voice transmissions from the § G were Deing turned around by the CAST system
and were retransmitted to the §,Coon \'HT.

(d). ANALYSIS OF VOLCE TAPES DURING THE PERIOD OF FIRE

The tape transeripts of the voice tapes from the ‘omuaand Module during the time
period of the five (veferred to as the first and sccond transmission, on Table +.7-1), have
been extensively analyzed.  This analysis included a review of all transmissions prior to
the fire that were made by the crew during the test in an attempt to aid in the deter-
mination of who made these last two transmissions and what was said. This analysis was
made by NASA personnel familir with the communication systems, the crew and their
voice characteristics, the sequence of events before. during and after the fire as determined
during the accident investigation. The Apollo 204 Review Board also reviewed these
transinissions.  Experts at the Bell Telephone Laboratories also performed extensive analysis
of the tape record. Review by other experts, such as Civil Acronautics Board accident
investigation persounel, is currently in progress.  Any new findings from these additional
reviews will be included in Appendix G of the Final Report.

Except for a portion of the first transmission, which is quitc clear, the remainder
of the first and second (ransmission is not clear and it is impossible to define exactly
what was said by the crew. Twao points made by the Bell Telephone Laboratory experts,
however, should be noted:

(). The present state-ul-the-art of analysis of voice records i such that little, if any-

thing, can be determined as o what was said il the recording is not sufficiently clear

to be intelligible by listening alone. Analysis, however, can, under these circumstances,
provide some  chiesy but these clues cannot be used to definitely determine which
crew member initaed the transmission.

(2). When the recording of the transmission is not clear. there will be nearly as many

interpretations of what was «tid as there are qualified listeners. Many interpretations

of what was said have been made. A sununary of these interpretations is made in
the following paragraphs.

The analysis of the first votee transmitted is as {ollows:

This transmission began 93:31:05.7 GMI with an exclamatory remark. This
transmission is not clear.  Most listeners believe this initial remark was one of the follow-
ing:

“Hey &
“Fire
“Break
Most listeners believe, and laboratory analysis supports this belief, that this transmission
wis made by the Commuand Pilot.  Phisceemark s followed by a short period of noise
(bumping sounzds, ete.).




TABLE 4.7-1 TRANSCRIPT OF VOICE CHANNEL FOR LAST 27 SECONDS

PO

|
! MOLC VHF /AM TRACK TRANSCRIPT MOLC S- BAND TRANSCR_IPT

23:30:55.5 (Noise)

28:30:56 (Breathing sound)

93:30:56.5 (Noise)

(Noise)

23:30:58.1

23:30:58.5 (Short noise 0.6 sec)
23:31:04 (Breathing sound)

29:91:04.7  %(First voice transmission) 23:31:04.7 (First voice transmission
of spacecraft problem)

23:31:10.0 (End of first transmission) | 23:31:10.0 (End of transmission)

23:31:16.8 (Second voice transmission

i oL of spacecraft problem)
23:31:17.1 (Second vorce transmission)

23:31:21.8 (End of second transmission) 23:31:21.8 (End of second transmission)

23:31: (LOY

* Analysis of thesc transmissions appears in
paragraph 4.7



The second portion of this first transmission begins at 23:31:06.2 GMT with an unclear
word. Most listéners bélieve the first to be one of the following:

ltI.VeQS
‘l‘ve‘veiﬁ

The remainder of this transmission is quite clear and is: °
cockpit”, followed by a clipped word sounding like “VHEH”, which ended at 23:31:10
GMT. Maiy listeners believed this transmission: to have been made by .the Pilot. Some
believe it could have been made by the Command Pilot or the Senior Pilot. However,
laboratery analysis assigns the greatest probability that it was made by the Pilot, but
the results of the analysis do not negate the possibility that one of the other crew members
could have made the transmission.

The analysis of the second voicé transmission is as follows:

Following a 6.8 second period of no transmission the¢ second transmission began at
93:31:16.8 GMT and ended at 23:31:21.8 GMT. The entire second transmission is some-
what garbled. This second transwmission. therefore, is subject to wide variation of inter-
pretation as to contént and as to who was making the transmission or transmissions. The
general content is what appears to be three separate .phirases and it has been interpreted
several. ways by many. listeners. The following is a list of some of the interpretations
that have been made:

(1). "*Fighting a bad fire - Let's g2t out

Open ‘er up.”’

(2). "We've got a bad fire - Let’s get out..... .

We're buiring up.””

**I'm reporting a bad firc....I'm getting out..Oh, AAH.”" (Scream)

Somc people feel that the very end of this second transmission is a screar or the
start of one. Many listeners. believe. this transmission was made by the Pilot.

It should be noted that:

(1). The total time duration of these two wransmissions was brief, lasting 17.1 seconds;

the first lasted 5.3 scconds and the second lasted 5.0 seconds, with a 6.8 second

period of nc transmission between.

(2). The transmissions provide evidence only of the time the crew first transmitted

a rcport of the existence of the fire and do not provide any direct information as

to the cause of the fire.

H. FUEL CELL AND CRYOGENIC GAS STORAGE SYSTEM
(1). FUEL CELLS

Fuel cells were inactive and were not being monitored during the incident. A review
‘of the data from 23:20:00 GMT to the incident indicated no fuel ccll anomalies.

(2). CRYOGENIC GAS STORAGE SYSTEM (CGSS)

The CGSS was inactive during the test. Gas was supplied to the environmental control
system from K™ bottles through port OP.on the service modulé. A review of data from
23:26:00 GMT to the incident indicated no anomalies in the CGSS.

i. PROPULSION (SPS AND RCS)
(1). SERVICE PROPULSION SYSTEM CONFIGURATION

The differences from the normal launch countdown configuration were as follows:

Propellant tanks, helium storage tanks. and engine actuation system GN2 tanks were not
serviced to flight pressures but were at low (notmal) blanket pressures (using GN2).

(2). COMMENTS ON SPS DATA

All data on the SPS remained normal and constant until loss of data.
(3). REACTION CONTROL SYSTEM CONFiGURATION

CSM ROS was configured tor launch with the following exeeptions:

(a). The engine simulators were installed in licu of actual engine circuitry.

(b). No consumables were on board. The scupper supports were in place.

(c). A temperature thermocouple was taped to €M "R systern oxidizer isolation valve

to monttor valve temperature rise during plugs out mission run.

(d). The engine throat pluzs and flow sensors were partially installed in preparation for

flight readiness test. The engine covers were nstalled on guad engines.  CM engines

were environmentally sealed with tape.
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(4). COMMENTS ON RCS DATA

A simulated. SM RCS +X eéngine stati¢ firing had been completed at approximately
93:15:00 GMT using Pilot’s rotation controller. No anomalies were observed in this test.
Following the simulated static firing the CSM RCS system was monitored for remainder of
the active test. A review of the data tapes for the period 23:26:00 GMT to 23:31:30 GMT
did not discluse any system anomalies. Significant RCS data peculiarities are detailed below:

(a). A linear rise in temperature from an ambient condition of 70° F to 197° F occurred
between 23:31:19.858 GMT and loss of signal at 23:31:22:432 GMT on CR4561T. This
transducer is a resistance thermometer type and is $pot welded to the upper surface of
€M RCS “A" CCW engine between frames No. 21 and 22, (closer to frame 21), and
behind panel CM 18. It is also covered with 3/4 inches of insulating Q-felt. A second
transducer, CR2201T. rounted on the oxidizer injector value of the same engine, showed
no témperature increase. Although this transducer is of a similar resistance type, it was
bonded to and encapsulated in silicon rubber. It was also 90 degreesfurther around
the engine on its outward side and located between frames no. 20 and 21 (closer to frame
21).  Although partially covered by the boost protective cover, CR2201T was exposed
to ambicnt conditions (panel CM 19). The sudden rise in temperature of CR45361T is

indicative of exposure to flame at the-time of cabin pressure vessel rupture. Time corre- -
lation with other rupture data points must take into account the fact that the engine and
transducer are enclosed with insulating Q-felt as noted-above.

(b). The RCS propellant isolation circuit breakers (CB16 and CB15) on panel 25 were
found to be open during post-fice inspection. Further inspection revealed that the circuit
breakers' stems were only slightly smutted indicating that the circuit breakers opened
after the fire started to subside.

(c). The RCS$ selector switch was found in the SM-A positicn rather than the SM-D
position called for by the procedure. This switch sclects a particular SM quad for para-
meter monitoring and .has no change-of-state function. The SM-A position is assumed
to be a pilot's natural reaction to return to the initial monitoring position instead .of
leaving it in the final position following simulated static fire.

j. CREW SYSTEMS. BIOMED, AND EXPERIMENTS
(1). SYSTEM CONFIGURATION

The biomed system was in launch configuration with the following e¢xceptions:
(a). An E. O. was rcleased to pot the octopus cable connectors to prevent breakage of
connector back shells. Planning was also in work to wrap the cable with tefglas and attach
Velcro to provide attach points for support of the cable.
(b). Only one biomed tee adaptér was installed and this was in the SRP position. The
biomed parameters for the SRP position were beiig monitored on both PCM .and the
MDAS recorder and the timé of incident.

Only the crew systems equipment required to support OCP-FO-K-0021-1 was stowed
in the §,C.  The stowed crew systems equipment which has an electrical interface with
the S, C (cameras, hygrometer, alighment sight) were not connected to the S/C at thé time
of the accident. '

(2). COMMENTS ON DATA

(a). PCM and MDAS recorder data throughout the test was normal except for several.
noise glitches  which appeared on the biomed data channels. Physicians verified these
glitches were not normal biomedical data. The first glitch occurred at 18:28:02 GMT
and recurred randomly with the last one at 23:24:00 GMT. These noise spikes are believed
to be caused by RFI, which has been duplicated duririg post-incident berich tést by glitch-

ing the input power. From the time the MDAS was turned on and the timer resct to

cero (17:36.02 GMT) until LOS of the timer (23:31:21.2 GMT), the timer operated
normally with no loss of, or change in, timing

(b). Based on the PCM and MDAS data available from 8, C 012, theré is no indication
that the biomed system contributed to the cas¢ of the incidént.
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REPORT OF PANEL 4
DISASSEMBLY ACTIVITIES PANEL
APPENDIX D-4
TO
FINAL REPORT OF
APOLLO 204 REVIEW BOARD
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DISASSEMBLY ACTIVITIES PANEL

A. TASK ASSIGNMENT

The Apollo 204 Review Board established the Disassembly Activities Panel, 4. The task assigned for

accomplishment by Panel 4 was prescribed as follows:

Develop plans and procedures for progressive disassembly of Apollo Spacecraft 012 for purposes
of inspection and failur¢ analysis. Disassembly should bé configured to proceed on a step-by-step
basis. ift 1 mannér to obtain the maximum amount of information prior to disturbing the évidence.
Conténts of testing requirements shall also be considered. Disassernbly plans should consider both
th¢ cockpit and.the area.outside the pressure hull. Means for cataloging documentary information
within the spaceeraft and for the display of removed items shall be a part of these pians and pro-

cedures.

B. PANEL ORGANIZATION

1. MEMBERSIHIP:

2. COGNIZANT BOARD MEMBER:

was.assigned to monitor the Disassembly Activities Panel.

The assigned task was accomplished by the following members of the Disassembly Activities Panel:
M. Scott . Simpkinson. Chuirman, Manned Spacecratt Center (MSQC), NASA
Mr. Samuel 1. Beddingfield, Kennedy Space Center (KSC), NASA
Mr. Robert G. Covel, Jr.. Kennedy Space Center (KSC), NASA
Mr. Paul J. Graf, Kennedy Space Center (KRSC). NASA
\Mr. Robert J. Reed. Kennedy Space Center (KSC). NASA
Mr. Harry C. Shoaf, Kennedy Space Center (RSC). NASA
\Mr. Charles G. Stevenson, Kennedy Space Center (KSC). NASA
Mr. Joseph C. Campbell. Manned Spacecraft Center (MSC), NASA
\Mr. Dean.F. Grimm, Manned Spacecraft Center (MSC). NASA
Mr. Patrick J. Hanifin, North American Aviation (NAA). Downey
Mr. John M. Moore, North American Aviation (NAA), Kennedy Space Center

Colonel Frank Borman, U. 8. Air Force, Board Member. Manned Spacecraft Center (MSC), NASA,

C. PROCEEDINGS

1. INVESTIGATIVE APPROACH

2. SPACECRAFT 012 DISASSEMBLY PROCEDURES. Immediately after the accident, at 6:31
p.m.. EST (23:31 GMT) on January 97. 1967. NASA Kennedy Space Center Security placed
Launch Complex 34 under additional security. Special guards were assigned to the service structure
and to the adjustable-cight (A-8) level at the catrance to the Command Module (C/\M). Controls
were  established for  personnel aceess to the sefvice structure and the C M. Everything located
at the Launch Complex sach as Ground Support Equipment (GSE). spare parts, documents and
drawings. special clothing. breathing apparatus and fire fighting equipment. ctc.. was impounded.
The NASA Test Supervisor in the blockhouse. in conjunction with NASA Security. controlled all
activitics on the service structure. Implementation of these directions was coordinated through the
NASA Operations Engineer and the NAA Pad Leader at the € M.

After the fire. prior to disturbing any items in the spacecraft, a series of photographs were
taken. Several photographs were made of the surrounding areas on adjustable levels AT and A-8.
Photographs showing the configuration of the area around the Pad Leader's desk on A-8 and a
closeup of the desk may be seen in Enclosures 41, 4.2, and 4 3. The step-by-step photography
method was established as a standard operating procedure for the entire activity of the Disassémbly
Activities Panel
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After the last crewman.was removed at approximately. 2:00 a.m., EST on January 28, 1967,
two spacccraft .observers. entered the C/M at 3:00 a.m. to verify certain panel switch positions.
Other than this there was no activity inside the C/M on the day after the accident. Small groups

of NASA and NAA management, the Apollo 204 Review Board Members, Représentatives, and .

Consultants and others with a nced to know, inspected the exterior of Spacecraft 012. They looked
in through the open hatch, but did not entér the C/M.

At 1:00 a.m.. EST, Sunday, January 29, 1967, a NASA photographer took additional pictures
inside the C/M and an astronaut entered the spacecraft to veérify additional switch positions needed
to clarify the data. Considerable inspection of the exterior of the spacecraft and the A-8 level
was accomplished throughout the day. At 10:00 a.m. EST, a second astronaut entered the C/M
and removed a few items of Government-furnished crew equipment after it was detérmined that
they had no relation. to the accident. Following this, one member of th¢ Press was éscorted to the
A-8 level. and was permitted to take pictures, with the stipulation that he could not enter the
spacecraft. No more activity took place inside the spacecraft on.that day.

At noon on Monday, January 30, 1967. a NASA operation engineer entered the C/M .to
examine the Gas Chromatograph Cable and direct a photographer to take pictures in the vicinity
of the cable. At about the same time, the Apollo 204 Review Board created a Hardware Removal
and Disposition Panel (later retitled Disassembly Activitics) to establish the procedures for disassembly
of Spacecraft 012. This Panel immediately established criteria that required a standard Apollo Test
Preparation Sheet (TPS) for any work or inspection on Spacecraft 012..Each TPS had to be signed
by both NASA and N.A\ systems engineers and by the Panel Chairman (NASA) or his delegate
(NASA) and a NAA member of the Panel. These TPS's were necessary to assurc proper coor-
dination and will remain as a permanent record of the work accomplished. All prepared TPS's
are contained in the Apollo 204 Review Board General File.

The first step toward an orderly disassembly was to assure safe working conditions at the
spacecraft. A meeting was held with KSC and Air Force Eastern Test Range (AFETR) Safety

personnel in which it was decided that (1) the Launch Escape. System (LES) should be removed.

and properly stored, (2) the forward heat shield should be removed and all pyrotechnics removed
and stored or made safe, (3) the structure should be examined by structural engineers, and (4)
all pressure vessels should be declared safe. or the pressure should be relieved. It was also decided
that work inside the spacecraft would not be allowed until dust samples were taken and the air
declared free from possible harmful concentrations of beryllium dust. (Beryllium is used in the
structure of the Guidance and Navigation (G&N) System.) After obtaining Board approval, these
tasks were accomplished and Spacecraft 012 was considered safe for investigative purposes by 10:00
p-m. EST on Thursday. February 2, 1967.

The Hardware and Disposition Panel prepared and issued a memorandum which stated the
modec of operation for those concerned. It is included as Enclosure 4-4 to this report.

Members of Panel 5, Origin and Propagation of Fire, cleaned the couches in a carefully
planned manner and documented all phases of the task. Charred data books and procedure manuals
removed from the couches were carcfully packed and hand carried to the Federal Bureau of In-
vestigation Laboratory. Washington, D. C.. in an attempt to identify any notes that may have
been made by the crew.

After a specially constructed plywood cover was installed on the couches, NASA and NAA
Quality Control (QC) inspectors cntered the spacecraft and recorded all unusual appearances of
hardware. including damaged components. but not including superficial damage such as smoke dis
coloration and other accident effects. After more than four hours of inspection by QC, the systems
engincers then entered the spacecraft. Each system engincer was allotted sufficient time to visually
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inspect all of the exposed hardware of his system. This was necessary in order to formulate an
effective plan for an orderly disassembly and to establish an overall priority for component removal.
Following approximately four hours of engineering inspection, a NASA photographer took a secries of
close-up sterco photographs of the C/M interior, including many special points of interest required
by various systems engineers. Before removing the couches, the top egress hatch was.removed.

It was recognized that the task of searching the physical evidence would be difficult and time
consuming becaus¢ of the confined area.within the C/M and the small hat¢h through which every-
thing had to enter and leavé. In order to remove the components as quickly as possible and keep
the members of the investigating team informed of the findings, it was necessary to have an en-
gineer and a téchnician enter the spacecraft to remove the equipment and theén have a photographer
take the place of the.technician and document the conditions after each removal. With proper
distribution of the engineer's findings and the color photographs, all parties with a need to know
were informed of the progress and considerable time was.saved in .the disassembly process.

Removal. of. the couches posed a unique problem in that it was desirable not to disturb the
aft bulkhead (crew compartment floor) in any way. The normal removal requires technicians to
lic on the floor and work on the couches from the underside. To accomplish removal of the couches
without disturbing evidence, a special platform was built which was supported from the hatch
sill at onc. end and from strut. attachment fittings at the other end. The technicians were able
to lie on this platform and perform the work necessary to remove the couches.

After the couches were removed. a special false floor, fabricated from aluminum angles sup-
porting removable 18-inch squares of 3/4-inch thick Plexiglass, was suspended from the existing
couch strut fittings to provide access to the cntire inside of the spacecraft including the floor,
without disturbing any of the evidence. The false floor, after a check fitting in Spacecraft 014, is
shown installed in Spacccraft 012 in Enclosure 4-5. A NASA photographer then entered the space-
craft and took a series of precision scale photographs of the interior which were later glued o the
inside of a one-half scale model for a three dimensional reference. Members of Panel 10, Analysis of

Fracture Areas. then enteres the spaceesaft for an inspection of the structural failures in the aft
bulkhead.

At this point, with the couches removed, Panel 5. Origin and Propagation of Fire, with Mem-
bers and Consultants of the Apollo 204 Review Board, entered the spacecraft to look over the cabin
from the vantage provided by the transparent false floor.

A decision was made to repeat investigation inspections by QC and the various systems en-
gincers. In order to disseminate information and to retain a permanent record of important ob-
servations during this type of inspection, a TPS was generated requiring a written summary of all
significant findings after performing an inspection but before leaving the A-8 level of the service
structure. These summary sheets were distributed to all partics with a need to know.

The preparations for disassembly proceeded quite well: however, upon entering the next phase
involving the need for closely controlled and coordinated equipment removal, it became obvious
that new procedures were required. To implement these procedures, the Board appointed a Pancl
Coordination Committee (PCC). which included three Board Members and several Consultants.

The first order of business of this Committee was to amend the procedures for accomplishing
work in the C/M. Pancl 4 was redesignated the Disassembly Activities Panel instead of Hardware
Removal and Disposition Panel. Apollo 204 Review Board Administrative Procedure Number 18
concerning the Use and Control of Test Preparation Sheets was published. This procedure covered
the plan and control by which spacecraft hardware would be removed. inspected. analyzed or
otherwise modified. Under this plan, requirements were reviewed by the PCC and presented to the
Board for approval. After dpproval of a specific requirement by item number. TPS's to implement
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the required action were generated by the appropriate NASA/NAA systems engineers and approved
by members of:
NASA-MSC and NASA-KSC Engineering
NAA Enginéering
Panel 5, Origin and Propagation of Fire
Panel 18, Integration Analysis
Materials Analysis Branch, KSC
Panel Coordination Committee
Panel 4, Disassembly Activities (only ifi those cases where execution of the TPS involved. work
inside or on the C/M)
Concurrently, two new categories of investigation TPS8’s were established. Thes¢ were the Com-

ponent Analysis (CA) for testing a removed component or a component from spares stock and the.

Material Analysis (MA) for analyzing a sample of material from the spacecraft or from the stock-
room.

By February 7, 1967, this system was fully operational. The concentrated effort of organized
and coordinated equipment checkout and removals continued on a three-shift seven day a week
basis. All unusual or suspect circumstances or conditions were immediately brought to the attention
of Panel 5, Origin and Propagation of Fire, and the appropriate systems engineers for any desired
change in direction.

During the equipment removal, electrical connectors used to connect large bundles of wires
were in general . disconnected; however, if any connectors showed physical evidence of damage,
the wires were cut at the point where they were the least damaged and were clearly identified
with scparate tags on cach cut end. In the case of tubing, lines were generally cut at a convenient
distance from the joints to allow a leak check to be performed on the original joint. Exact inter-
faces were photographed and marked prior to disassembly, where possible, so that original con-
ditions could be reassembled if desirable.

All interfaces. such as electrical connectors, tubing joints, physical mounting of components,
etc., were closely inspected and photographed immediately prior to, during, and after disassembly

as snown in Enclosure 4-6. All disconnects were made over clean plastic bags to catch any debris .

or contamination. Every item removed or taken from the C/M was appropriately tagged, sealed
in clean plastic containers and transported under the required security to Londed storage.

On February 17, 1967, the Review Board was satisfied that removal and wiring tests had
progressed to the point that moving the spacecraft would not disturb any remaining evidence.
The C/M was moved to the Pyrotechnic Installation Building (PIB) at KSC where better working
conditions were available. The structural integrity of the damaged C/M was questionable; therefore,
a special sling was constructed to be used to remove the C/M and lower it to ground level. This
sling consisted of the standard sling designed to hoist the entire stacked Apollo spacecraft (includ-
ing the Lunar Module) plus two straps at approximately ninety degrees going around the C/M
and under the-aft heat shi:ld. These added straps were designed to suppo.t the entire C/M in
case of a structural failure in the spacecraft. The verification test of this sling using a boilerplate
Flight Verification V'chicle (C/M), with the structural interconnection points disconnected to simu-
late a failure, is shown in Enclosure 4-7.

After verification of the sling, it was attached to the 012 Command Module and used to lower
it to a mounting ring on a trailer at the basc of the service structure. The trailer was used to
transport the C/M to the PIB. In order to minimize vibration, the speed was held to below five
miles per hour over the 6.6 miles traveled. The moving operation is shown in Enclosures 4-8.
+-9. 4-10. and 4-11. At the PIB. the C/M was placed in the fixture normally used for alignment
of the Launch Escape System. This fixture. shown supporting the aft heat shield in Enclosure

4-12. was used for a period of 18 days to support the spacecraft during equipment removal and
special testing.




With the improved working conditions in the. PIB, it was found that a work plan of two .
eight-hour shifts per day for six days a week was sufficient to keep pace with the analysis and
disassembly planning. The only exception to this was a three-day period of three eight:hour shifts
per day, utilized to remove the aft heat shield, move the C/M to a more convenient work station
(Enclosure 4-13), and remove the crew-compartment heat shield (foreground of Enclosure 4-12).
This activity took place on March 7, 8, and 9, 1967. The planned disassembly of the C/M was
completed on March 27, 1967.

In geneéral, non-functional panels and low-suspect hardware were removed from around areas
of suspect or heavy damage. This was done to gain better access for inspection and ¢component
removal within damaged areas without disturbance of evidence.

b. CATALOGING AND DISPLAY OF ITEMS REMOVED FROM THE SPACECRAFT

In .accordance with the task assignment for Panel 4, Disassembly Activities, the Panel took
immediate action to catalog and place on display, the hundreds of items that. would be removed
from C/M 012 during the course of the investigation. The KSC PIB was assigned to the Apollo
904 Review Board as an area in which components removed from the C/M could be placed in
bonded storage. but be available for. inspection by personnel associated with the investigation.

The following areas were established within the PIB:

(1Y BOND ROOM — A bonded area to receive components as they were removed from C/M
012. This area was provided with a .receiving table; ten storage cabinets for small components,
areas for large components and items astociated with the investigation, but not from the C/M
itself. Enclosures 4-14 and 4-15 show the interior of this room.

(2) ASTRONAUT EQUIPMENT ROOM AND WORK ROOM — An area in which the
spacesuits and other Government furnished crew equipment were investigated.

(3) BONDED DISPLAY AREA — An arca in which components could be displayed under
controlled conditions. The purpose of this area was to permit investigators to make visual. exam-

ination of C/M 012 components. Work other than visual examination was not permitted in the

display area. Enclosure 4-16 shows the components that were on display on February 21, 1967,
and Enclosure 4-17 on March 14, 1967.

During the course of the disassembly, there were approximately 1025 items removed from the.
spacecraft, logged. and either placed on display or held in bonded storage. Enclosure 4-18 is a list
of these items by log number. This list does not include nearly 250 items that were logged into
the PIB Bond Room from the launch complex and similar areas of concern.(not removed from
the C/M); however, these items were numbered in the same series, resulting in a total of over
1250 items. A sct of C/M drawings was prepared and distributed that was marked with the re-
moved-item log numbers, indicating the arca in or on the spacecraft from which each one was
removed. In addition to these documents, which were issued weckly as the disassembly progressed,
a third document showing the display location of cach removed item was prepared daily and
distributed weekly, and a fourth document was updated daily and distributed weekly showing the
location of all logged items that were carried out of the PIB for further analysis.

(4) COMMAND MODULE 012 WORK AREA - At the PIB, the C/M was placed in a
supporting ring within an existing workstand. The C/M remained in this arca until the aft heat
shield was removed. The C/M was then transferred to a standard support ring in the north end
of the building. While in these arcas. technicians continued to disassemble the C/M in accord-
ance with approved TPS's. These two work arcas are shown in Enclosures 4-12 and 4-13. After
a component was removed from C/M 0120 it was photographed and then sent to the appropriate
bond arca.

(5) SPACECRAFT 014 COMMAND MODULE — Spacecraft 014 Command Module was
shipped to KSC on February 1. 1967, to assist the Apollo 204 Review Board in the investigation.
This C/M was placed in the PIB as shown in the foreground of Enclosure 4-19, and was used as




a vehicle for practicing difficult removals of CG/M 012 components. .

(6) MOCK-UP NG. 2 — Mock-up No. 2, .a [ull-scale plywood C/M, was also brought to
KSC and placed in the PIB on February 8. 1967, as shown in the background of Enclosurce 4-19.
This mock-up was configured with Velero, debris traps. couch positioning, ctc., to duplicate the
C/M 012 configuration at the time of the fire.

(7) HALF-SCALE MOCK-UP — A half-scale mock-up of a C/M interior was placed in the
bonded display arca on February 8, 1967. This mock-up was used to display half-scale interior.
surface photographs taken alter the fire in C/M 012,

Drawing SCN 311905, Rev. A, indicates the layout of the various arcas within the PIB (En-
closure 4-20). Sceurity was maintained within the PIB through the use ol access lists, sign in/out
lists, and guards stationed at the main entrance and at the entrance to cach of the bonded arcas
within the building. (Sce guard station A, B, and C on Enclosure 4-20.) Guard station B was
discontinued after G/M 012 was moved 0 the bonded work arca at the north end of the PIB.
A member of Panel 4 Disasseably  Activities was also present in the PIB throughout all work
periods.
¢. RELEASE OF INPOUNDED EQUIPMENT — Immediately after the accident, all Spacecraft
012 cquipment and associated data, and also the Launch Vehicle, at KSC were impounded. This
was done o establish  the configuration of the spacecraft, associated GSE, documents, personal
tools, and miscellancous items.

A Material Release Record System (MRR) was devised by the Review Board to control the
release of all impounded items. The MRR was the method used to classify items in onc of three
categories as determined by the Apollo 204 Review Board. The three categorics were as follows:

(D) CATEGORY A — Ttems which may have a significant influence. or bearing on the results
or findings of the Apollo 204 Review Board.

(2) CATEGORY B — Items other than Category A' that arc considered relevant to the
Apollo 204 Review Board investigation.

(3) CATEGORY C — Material released from Board jurisdiction.

Impounded items were systematically reviewed and approved on MRR's for rclease from Cate-
gory A\ to Category B .or C by the Apollo 204 Review Board. In those cases for which no con-
straints to release were made, the items were processed for release by TPS's written and signed
by the appropriate NASA or NAA systems engineers and signed by the Chairman of the Disassembly
Activities Pancl. In addition, the TPS's were accompanied by relcase letters signed by the Dis-
assembly Activities Panel Chairman.

In those cases for which constraints to release were made by the Review Board, TPS’s were
required to show preciscly what steps were to be worked in order to clear the restraints. When
the restraints were removed., the iteins were released by TPS’s and release letters..

The Spacecraft 012 C/M, its systems and components. will be retained in bonded storage in
Category A or B at KSC. Al GSE was appropriately released by MRR. All prepared MRR's
arc contained in “"Schedule of Physical Evidence': Appendix F to the Final Report of the Apollo
204 Review Board.

D. SUPPORTING DATA

List of Enclosures
Enclosure Description . Drawing or
Neg. No.
41 Level A-8 - looking toward East Wall B-128-1-C
4.2 Level A-8 - looking toward North 'Vall B-128-2.C
43 Level A-8 - close-up of Pad Leader's desk B-128-5-C
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4-5
4-6
4:7
4-8
4:9
4-10
4-11
4-12

4-13

$-14
4-15
4-16
4-17
4-18

4-19
4-20

T
o oak g acpaln

Hardware removal and disposition panel modus operandi

False floor installed in spacecraft

Electrical interface photography

Special sling verification test

C/M beéing moved out of service structure
C/M on special sling being lowered to ground
C./M being lowered onro trailer

C/M moving out of gate at Complex 34

Aft heat shiéld in alignment fixture. with créw-
compartment heat shield in the foreground
C/M in final work station, with all heat shicld
removed

PIB bond room looking toward the North wall
PIB bond room looking toward the South wall
PIB bonded display area on February 21, 1967
PIB bonded display area on March 14, 1967
Items removed from S/C 012 and placed on display
or in.bonded storage.

C/M 014 and C/M Mock-up 2

AS-204 component arrangement in PIB
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{ TO: Those Concerned
SUBJECT:  Designation of Hardware Reimoval and Disposition Panel

A\ Hardware Removal and Disposition Panel has been established to plan and control the removal and
disposition of AS-204 spacecraft hardware. The Chairman of the panel will report to the Chairman of

the Board of Inquiry who will approve thé plan and be kept informed of all removal and disposition
actions. The composition of the panel is as follows:

Scott H. Simpkinson Chairman .

Sam Beddingfield Member )
John Moore Member (
Patrick J. Hanifin Member

The panel may, call upon MSC. KSC and NAA for necessary assistance in accomplishing its assigned
task.

After an intended removal and disposition action has been planned and approved by the Chairman of
the Board of Inquiry. the actual removal and disposal work within the local KSC area will be executed
by the Panel through the normal NASA and NAA pad and industrial area organizations. The Panel
will provide written instructions (in accordance with APOP procedures) and broad supervision to desig-
nated NASA and NA\ operations engineers. The designated operations engineers are Ernie Reyes,
NASA. and Bruce Haight. NAA. The two designated engineers will arrange for necessary alternates
to act for them during extra shift operativns. The operations engineers will arrange for access to the
pad and scheduling of their work through the Test Supervisor on duty at Launch Complex 34.

The following will govern the operation of hardwarc removal and disposition:
1. WORK AUTHORIZATION AND DOCUMENTATION .
a. TEST PREPARATION SHEET

All work on S € 012 and on the spacecraft GSE that is, or has been connected to the space-
craft. is 1o be authorized by Test Preparation Sheets (TPS's). The TPS is required to be written
and signed by NAA and NASA KSC-SCO Systems Engineering. The TPS is approved by signa-
turc of a NASA and a NAA member of the Hardware Removal and Disposition Panel.

(1) A specific and complete statement of the “‘reason for work™ is required on each TPS.

(2) The TPS's arc to consist of step-by-step work items written in a detailed manner that will
leave no question as to what is specifically required to be done.

(3) No wire bundle eclectrical conncctors are to be disconnected without specific call-out by
W/B connector number of the TPS.

(4) All. work on the spacecraft is.to be accomplished by NAA technicians unless otherwise
indicated on the TPS.

(3) All work is to be witnessed by NASA KSC-SCO and NAA Inspection. In addition, it is
the responsibility of the HRD panel to make sure that the TPS includes the necessary requirements
for official observers when required. Upon completion of each TPS work item, the item is to be
stamped by NASA, NAA Inspection indicating completion.

(6) It is required that TPS's which authorized removal of equinment from the spacecraft con-
clude with the following statement as the last item of work: "“Transport equipment to the Pyro
Installation Building (PIB) and stock in bonded storage.'

(7) Work or examination.of the equipment upon removal from the spacecraft must be authorized
by a subsequent TPS which is to begin with a statement that authorizes removal of the equipment
from the bonded storage room., if required.

(8) Upon complction of work authorized by a TPS. it is required that a summary statement
be made on the last TPS mod sheet by the NASA NAA Systems Engincers. The summary state-
ment is to include all items of a significant nature that were-observed during the work activity
indicating where [ollow-up action i needed.

_
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b, PSS MODIFICANTTION SHEETS

Whenever a TPS s réquired o be modified in order to allow continuance of work activity,
TIPS mod sheet is requited. The TIPS mod sheet is required 10 be written and signed by NAA
and NASA KSCSCO - Systems - Engineering and the Chairman of the Hatdware Removal and
Disposition Panel, Lo addition

(1Y specilic and complete statement of the reason for the mod sheet is required on cach TPS.

() The TIPS miod sheetmust authorize work that is within the intént of the original TPS.
¢ PARTS INSTALLATION AND REMOVAL RECORD

Al equipment or- material removed  from thé spacecraft must be documented on a Parts In-
stallation and Removal Record (PIRR)Y. The information noted on the PIRR consists of part

number af available or applicable): a description of the équipmeént or matérial; and tiine and
date of vemoval,

The PIRR s to be used as noted in the AROP. with Q € required to buy off all entries.
d. PARTS TAG.

AL equipment or material vemoved from the spaceeraft must be tagged with a parts tag. The
g s be attached to the hardware in such 4 manner that will not affect the condition of the
equipment. The tag is o be attached 1o the container or bag that the matertal is placed into.

(1) The parts tag is 10 accompany the equipment or material at all times.

(2) Hardware removal tape:

LU is required that prior o, removal of spacecrait hardware; spacecrait system components;
disconnect of spacecralt electrical connectors; and, disconnect of spaceeraft plumbing lines, a
short length of silver-gray tape be attached across the mating line between the hardware o be
removed and the adjacent hardw are rematning in the spacecrail.

An indexing line s to be then marked ou the tape with o black ball-point pen at right
angles to, and acr- s the hardware mating line. A numbe correlating to the spacecrait hard
ware removal form entry s also to be written on each end of the tape

The tape is then cut along the hardware mating line and the hardware is removed from
the spacecraft

The purpose of the indexing tape is to provide a capanility of duplicating the as-was

installation as accurately as possible, if and when necessary.
¢ APOLLO PREFLIGH T OPERNTIONS PROCEDURES MANUAL (APOD).

The APOP i the reference document to be used durmg all work activity on the spacecrati
Where differences exist between this memo and the APOP, this memo is the ruling document.
foA separate investigation TAIR book has been establishing and afl ‘TPS's ssocuated with spacecratt
work, ncluding GSEL will be retaned in the tiwestigation TAIR book. Copies of completed TPS
with all deviations, mod sheets, sunumaries, and other notations, shall be turtished o the Chairman,
one to bie distributed 1o the Board

2 WORK SUPPORYT

A OPERANTTONS ENGINEERING.

It i required that NASA KSCSCO and NAN Operations Fagmeers be on duty at the space
craft on an around the clock basis

(1) The Operations Engineers vepresent the HRIY Panel at. the spacecraft and at the PIR
They are in charge of the operations at the sites

(2 The Operanons Fogmeers have the responsttnlity to schedule the daly spaceeratt activans
i detwl  Phey alse have the authonity to stop work on the spacevraft when deemed necessavy

{H The Operations Emgineers- are ve ponsible to mamtin a spacecraft log, which documents
AL activity on the spacecratt on an hourly basis v copy of the dog s 1o be provided to the HRD
Panel and s to be updated on o dals basas

bOSYSTEMS ENGINEERING
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It is required that NASA RSC-SCO and NAN SYSTEMS Engmeers be on duty on a first
shift basis with an eévening shift contact specified by name.
¢ QUALITY CONTROL,

It is required that NASA RSCSCO and NAN Inspection personnel be assigned at the space
craft on an around-the-clock basis. Tt is required that NASA KSC-SCO and NAN Inspéction be
assigned in the PIB bondéd storage foom on an around the-clock basis.

GENERAL

1. No task will be imtuated until those individuals assigned to accomplish the sk are thoroughly

bricfed by, the rvesponsible engineer and the Accident Invéstigator. No.disassembly task will be per-
forinedbon 8 C 012 until the same task has been performed on S C 014 by the same -individual.

2. A\ceess to. the spacecraft area will be tightly controlled and will be restricted to those individuals

who have a specific taskh associated with the accident investigation. Specific pad aceess wall be con
trotled by the test supervisor on duty at Launch Complex 34 through the pad leader at the Comumand
Module.

3. Requests lor work in the spaceeraft or onany equipment attached to the spaceeraft will come

from only one source, defined as follows.

THE  APOLLO 204 REVIEW BOARD. When a specific task has been defined by the
Apallo 204 Review Board. the apphcable systems group will be directed by the Hardware

Removal and Disposition Panel to prepare o TPS of the task for submittal to the Review Board
for approval, if indicated in the task request by the Board. The TPS. a more detailed plan of the
task to be accomplished. will contain the applicable signatures of the Hardware Removal and Dis
position Panel as discussed paragraph 1 above.

s Scatt H. Simpkinson
Chairman

> John M. Moare
Member

s . Janokaitis for 8. 1. Beddingfield
Moeraber

s Patnek |- Hanifin
Member

—— L _ _ _ Pap— _
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Modification to Meto " Deésignation of Hardware Rernoval and Disposition Panel™

Mr. Dean F. Grimm is assigned as a special representativé of the HRD panel to work in the PIB.
Mr. Grinem is authorizéd to sign all TPS and mod sheets for the HRD panel for work in the PIB.
The designated operations engineers are Mr. R. G. Covel of NASA, and R. A Gore¢ of NAA. The
two designated engiieers will arrange for nécessary alternates to act for them during éxtra shift oper-
ations.

Paragraph 1. (a)step B is modified to read “All. work 8 to be witnessed by both NASA KSC-SCO
and NAA Inspection unless specified otherwise on the TPS™.

Paragraph 1. (b)is modified to read “\Whenever a TPS is required to be modified in order to allow
continuance of work activity., a TPS mod sheet is required. The TPS mod sheet is required to be
written and signed by NAA and NASA-KSC-SCO system engineering and the Chairman of the Hard-
ware Removal and Disposition Panel if the Chairman is present. Mr. S. T. Beddingfield is authorized
to sign in the chairman’s absence. 1f Mr. Beddingfield is not present then the astronaut on duty can
sign.”’

(1) A specific and complete statement of the reason for the mod shect is required on cach TPS.

(2) The TPS mod sheet must authorize work that is within the intent of the original TPS.

(3) The Chairman of the committee must be appraised of the mod as soon as practical.

The following astronauts will be on duty: s Scott H. Simpkinson
Chairman

Major Donn Eiscle

Captain Stuart Roos.a s 8. T. Beddingfield
Major Ed Givens Meinber

Captain John F. Swigert

1. M. Moore
Member .

Patrick ] Hanifin

Member

N

(Sheet tof b
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ITEM REMOVED FROM $/C 012 AND PLACED ON DISPLAY OR IN BONDED STORAGE

Revised 3/4/67

k LOG No. NOUN PIRR No. . TPS
1 Bolt Assy 38 ‘ 001
2 Bolt Assy 36 001
3 Bolt Assy 39 001
4 Bolt Assy 37 001
- 5 Screw 21 004
6 Splice. 19 . 004
7 Splice 15 004
8 Splice 17 004
9 Splice 18 004
10 Splice 16 004
11 Splice 13 004
12 Mating Hardware 40 001
13. Mating Hardware 42 001
14 Mating Hardware 44 ol
15 - Mating Hardware 43 001
16 Switch Lock N/A NCA
17 Debris 1 001
18 (Oil) Debris 3 004
19 Debris 5 004
20 (Rubber Finger) Debris 6 004
21 Debris 11 004
22 Debris 12 004
23 Debris 14 004
24 Debris 20 004
25 Debris 23 010
26 Debris 25 010
27 . Debris 32 001
28 (Filler) Debris 47 003
29 {Filler) Debris 48 003
30 (Filler) Debris 49 003
31 (Filler) Dcbris 50 003
32 (Tape) Debris 51 010
33 (QC Note) Hardware . .
34 B.P.C. FWD Sect. 36-44 001
35 Boost Protect [Hatch . -
36 Boost Protect Cover 10 004
- 37 Boost Protect Cover 9 004
38 Boost Protect Cover 7 004
39 Boost Protect Cover 8 004
_ 40 FWD Heat Shield 105 003
41 Switch Checklist 142 012
42 . Pilot Logbook 140 012
43 Divider . 145 012
44. Debris 147 012 .
45 Debris 150 012.
16 Pack.Pad 146 012.
47 iCovery Divider 144 . 012
48 (R.I. Couch) L.H. Arm Rest - 139 012
r
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68

69
70
71
72
73
76
77
83
97
99
100
101
102
103
120
131
136
111
149
150
151
152
159
160
161

162

163
164
165
166
167
168

Back Pad
Handbook
(Pilot) Logbook .
Dcbris

Debris

Paper

Cobra Cable
Small Débris
Small Debris

. Small Debris

Small Debris

Small Debris

Cable Run

Loose Debris

Debris

Back Pad

Head Rest (Center)
Hardware for Head .Rest
Center Couch

Head Rest L.H. Couch
Hardware for Head Rest
L. H. Couch

Head Rest.R. H.

Head Rest R.H. Hardware
Leg Rest R.H. Couch
Hardware Seat Belt
Screw

Inner Hatch

Outer Hatch .

Debris

IHand Controller

CTR Couth L.eg. Rest
L..H. Couch Leg Rest
Debris

1..H. Crew Couch Hardware
Bracket

Base Assy

SCS Phase Inverter
Translation Controller
Egress Tun. Hatch

1 Bag Debris

1 Bag Dcbris

1 Bag Debris

1 Head Rest Pad
Debris

Debris

Pip Pin

02 Hose Umbilical

02 Hose Umbilical

02 os Umbilical
Torgue Tube

Book

Book

Book

D-4.48

148

141

138

149

151

143

158

159

156

160

157 .
154

153

155

137

152

161

162 thru 167

168
169 thru 174

175
176 thru 181
182
183
184
189
190
135
187
191
221
225
222 thru 224
192 thru 194
226
256
268
276
271
272
273
275
292
23549
295
279
278
280
293
336
335
337

012
012
012
012
012
012
012
012
012
012
012
012
012
012
012
012
015
015

015
015

015
015
015
015
015
016
016
004
015 .
015
015
015
015
015
015
018
022
023
015
015
015
018
018
018
024
023
023
023
024
012
012
012




Sh i 0 T - S

169 L.H. Crew Couch. 358 024
170 R.H. Crew Couch 308 024
171 CNTR Crew Couch Back Rest 301 024
i 172 R/H ZZ Strut . 302 024
173 Z Axis L.H..Strut Assy 354 024
174 R.H. Couch Strut Assy Head 307 024
175 L.H. XX Strut 360 024
181 - Pitch RCS 8 PC Access . 325 018
192 Debris 359
193 Bolts 299 024
! 194 Bolts 298 024
195 L.oose Debris 300 024
196 Bolt-Nut Washer 357 024
197 Bolt-Nut 2 Washers 353 024
198 Docking Handle 297 024
199 Bolt-Nut 2 Washers 306 024
200 Bolt-Nut Washer 304 024
201 Pip Pin 296 . 024
202 Bolt-Nut Wash, = 356 024
203 Bolt-Nut Washer 305 024
204 Bolt-Nut Washer 3h5 024
229 Panel 319 339 032
230 Atten. Panel Assy 340 032
232 Insulation from Translation Controller 269 022
233 Comp *'C"" Scientific 351 01l
234 MDAS 348 011
235 (For MDAS) Screws 35() (28!
236 Food Compt. Door 341 033
237 Garment Compt. Door 366 . 033
238 Disconttect P101 (in S, C) 349
240 G&N Panel Screws 367 048
241 . Screws 352 048
242 Panel 363 048
243 G&N Front Panel (102) 368 048
249 Water Gun 373 050
250 W G Bracket 374 030
251 Panel 376 050
252 Screws 375 030
254 Panel Assy 383 053
258 Entry A" Battery 402 060
259 Entry "B Battery 403 060
200 Post Landing Battery 404 060
201 Batt Mounting Hardware 405 060
22 suit Ventilator NA 4
203 Suit Ventilator NA . 014
204 Suit Ventilator NA 014
265 Suit Ventilator NA 014
NI Suit Veatilator NA 014
267 Suit Ventilator 131 014
268 - Suit Ventilator 132 014
200 Swit Veatilator 130 014
370 Lerminal Board Cover 408 040
202 NCTtwy 400 040
RS Neresws {10 040
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274 Terminal Board Cover . 411 . 044).
275 Terminal Board Cover 413 040
276 Screw . 412 040
278 Main Chute 419 067
279 Main Chute 420 067
280 Main Chute 421 067
281 Retention Flap _ 426 067
282 Retention Flap 1214 067
283 Retention Flap 425 067
284 Screws 423 067
\ 285 Screws 422 067
286 Brake Cord ’ 430 067
287. Tyrap's 427 067
288 Nor Mex Cord 429 067
289 02 Analyzer 108 §irg
290 02 Analyzer 109 007
291 16 mm Sequential Camera 480 081
292 Cable Assy 476 071
293 Spit Cobra Cable 436 & 437 071
204 - 16 mm Sequential Camera 480) 081
295 Sensor Cable & Sensor 483 081
296 Power Cable 484 081
297 Cobra Cable (S8 RP) 477 thru 479 071 ,
298 Hydro Meter Clontrol Unit 482 081 -
299 16 mm Power Cable 481 081
300 Lithium & Charcoal 447 039
301 SCMD Cable Assy 439 & 440 071
302 Sample on Kim Wipe 432 062
303 Attenuation Panel (313) 486 (39
304 Bag of LIOH Crystals 450 039
305 Comp. A Odor Absorber 446 039
306 Vacuum Cleaner Bag 485 039
307 Bag of Carbon +49 039
308 Screws 487 039
300 Connector Module . 448 064
310 18 ca. Samples 431 . 07y
311 02 Panel 143 063 .
312 Nerews 494 063
313 H20 Panel 441 063
34, Panel R.H. E. B. 489 070
315 Screws 4490 070
316 Screws IR — 065
317 Metal Chip 306 086
318 L.H. Piece of Wire Switch Guard 507 086
319 R.IL. Picce of Wire Switch Guard - 508 086
320 Screws (4) Nuts (3) Washers (2) 512 070
321 Cover Plate & Mount Hardware 500 082
122 €02 Sensor 513. 090
23 Bracket CO2 Mount 514 090
24 02 Tank 525 092
325 02 Tank Mounting Hardware 524 042 .
320 Steam Duct & Mounting [Haredware 320 thru 529 094
320 Nerews (2 cas) 338 1049
0 Serews (2 eal) %9 - 109
31 uhe 35 108
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332 Water Glycol in Plastic Bag 622 . . 108

333 Pyro ‘A’ Battery 556 . 109

334 . Pyro 'B”’ Battery 557 109

335 . Access Panel. 550 100

336 Tube 560 108

340 Sérews 644 112

341 Samples 623 079

346 Sector #1 Fairing 652 112

352 Sérews 650 112

353 Screws 649 112

354 Screws 670 112

355 Lock 640 112

356 Lock 639 112.

357 Lock 638 112.

358 Clamps 654 112

354 Eleéct. Module 651 562

368 Container 656 155

370 Debris Valastat 667

376 String Tie 665 116

377 Melted Metal 666 116

382 Tension Tie Bolt 668 112

383 Counter Sunk Washer 669 112

384 Spacer . 670 112

385 Washer 671 112

386 Nut 672 112

387 Tension Tie Bolt 673 112

388 Counter Sunk Washer 674 112

389 Spacer 675 112

390 Washer - 676 112

391 Nut 677 112

392 . Tension Tie Bolt 678 112.

393 Counter Sunk Washer 679 112

394 Spacer 680 112

395 Washer . 681 112

396 Nut 682 112

397 Strap Assy 684 i §/C 012/8/C 112

398 Clamp 549 $/C 012/8/C 097

401 Bolt 693 112

402 Ablator Plug 685 thru 687 112

403 Bolt 688 . 112

405 Panel 24 001 IV S,C 012 C/M 041
406 . Panel 24 Hardwarce 16 Screws 002 IV S/C 012 C/N 041
407 02 Valve Handle 003 IV S/C 012 C/ M 041
408 LIOH Canister 007 IV CiM 061 .

109 Plug Ablator 008 IV C/M 043

{10 Shims 012 . IV C/M 061

411 Debris 011 IV C/M 061

418 Gas Chromatograph Conn. & Wiring 031 IV 8/C 012 C/M 075
119 A-N Tee Bulkhead . 019 IV S/C 012 C/M 074
20 Water Line Assy . 014 . IVS CO012C/M 074 .
421 CO2 Sensor Line 016 IV S, C 012 C/M 074
422 (.02 Sensor Line or IV S/C 012 C/M 074
423 Water Line 015 IV S/C 012 C/M 074
124 Delta P Scnsor 020 & 023 IV S CO12 C/M 074

.
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425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
118
449
450
451
4532
453
454
455
456
457
158
159
460
461
1462
463
4064
465
466
467
168
469
470
488
189
490
491
492
493
494

Compression Pads

Diffuser

Bracket

Screws

Floodlight Hardware
Floodlight Guard Connector
Floodlight Hardware
Floodlight

Floodlight

. Watch

Sunglasses

Scissors

Penlight

Survival

Neck Dam & Pocket

Shroud Cutter

Penlight

Inlet Temp. Transducer

Bolts.

Debris

Debris

Washers

Debris

Kim Wipes

Dcbris

ECU

Bolt ECU Mount

Washer ECU

Nuts (ZEA) ECU

Washer ECU

Bolt ECU

Line, Tubing ECU 3/8" OD (Debris)
Line Tubing 1/4* OD (Debris ECU)
LIOH Debris (ECU Removal)
Hardware (ECU Removal)

R.H. (XX Foot) Floodlight

L.H. (XX Foot) Floodlight
Console Floodlight

Console Floodlight

Vial of Liquid (ECLY)

Food Compt. B-C-D-E

Plate & Mount Hardware

Panel Assy

Screws, Food Compt. Doubler
Doubler

DSE Recorder

Panel #25

Hardware for Pancl £25

R.H. Rendezvous window

Screws, R.H. . Rendezvor Wiadow
Ablator Plugs R.H. Rend. Window
L.H. Rend Window:

Screws, L.H. Rend. Wirdow
Ablator Plugs T..1LL Rend Window

025
024
030
033
033
034
037
033
037
046
047
048
049
050
051
052
053
045
054
061
062
057
065
064
063
054
055
058
059
060
066
068
069
072
073
075
074
079
078
082
083
084
087
085
086
092
097
162
108
107
103 & 104.
106
105
093 & 094

S/C 012 C/M 036
036

036

S/C 012 §/C 036
032

032

033

032

032

IV G/M 076
IV C/M 076
IV C/M 076
IV C/M 076 .
IV C/M 076 .
IV C/M 076
IV C/M 076
IV C/M 076
IV C/M 074
IV C/M 074 .
IV C/M 074
IV C/M 074
IV C/M 074
IV C/M 074
IN C/M 074
IV C/M\ 074
IV C/M 074
IV C/M 074
IV C/M 074
IV C/. 1074
IV C/M 074
IV.C/M 074
IV C/M 074
IV C/M 074
IV C/M 074
IV C/M 074
IV C/M 059
IV C/M 059
IV 029

IV 028

IV C/M 074
091

091

091

091

091

046

IV C/M 025
IV C/M 025
IV C/M 089
IV C/M 089
IV C, M 089
IV C/M 089
IV C/M 089
IV C, M 089




196
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
Ha4
525
526
527

Mylar (Small piece in Bag)
Signal Conditioner Bolts .
Dummy Module

Dummy Module

Dummy Module

Dummy Nodule

Dummy Module

Power Supply

Spacer.

Front Retaining Plate
Front Retaining Panel
Attenaator Module -
Amplifier

Attenuator Module
Dummy Module
Attenuator Module
Amplifier Module
Attenuator Module

Front Retaining Plate
Dummy Module
Attenuator Module
Dummy Module -
Reg. Module

Reg. Module

AMP Module

AMP Module

AMP Module

Data File. Door & Hinge Pin

Spacers - Top & Bottom, Sig. Cond

J1 Module
J2 Nodule
J3 Module
J4 NModule
15 Module
J6 Nodule
J7 Module
J8 Module
J27 Module .
J28 Nodule
J29 Module
J30 Module
J31 Module
132 Nodute
J33 Module
134 Module
J35 Module
J36 Nodule
J37 Module
]38 NModule
J39 Nodule
J40 NModule
J41 Nodule
J42 Module

Spacer
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111
113

121.

118
120
117
119
115
116
114
129
123
124
127
122
125
126
128
130
135
133
136
152
131
138
134
137
141
142
152
151
150
149
148
147
146
145
153
154
155
156
157
158
159
160
168

& 143

167 .

166
165
164
163
162
161
169

S/C 012 S/C 090

IV §/C 012 C/M 049
IV S/C 012 C/M 049
IV S/C 012 C/N 049
IV S/C 012 C/N 049
IV S/C 012 C/M 049
IV §/C 012 C/NM 049
IV S/C 012 C/N 049
IV S/C 012 C/M 049
IV S/C 012 C/N 049
IV S/C 012 C/M 049
IV S/C 012 C/M 049 -
IV S/C 012 C/M 049
IV S/C. 012 C/M 049
IV S/C 012 C/M 049
IV S/C 012 C/M 049

N

T S/C 012 G/M 049

IV S/C 012 C/M 049

I\

T $/C 012 C/N 049

S/C 049
S/C 049
S/C 049
S/C 049
S/C 049
S/C 049
S/C 049

S/
I\

v
IV
IV
IV
IV

N

IV
v
IV
IV
AN
IV
IV
A}
IV
IV
AN
v
v
IV
AN
AN
v
IV
AN

N

C 049

TGN 106

C/3 049

C/MN 049

C/N 049

C/NM 049

C/N 049

T S/C 012 C/M 049
S/C 012 C/ M 049
S/C 012 C/N Y
S/C 012 C/N 049
S:C 012 C/N 049
S/COI2C/NM MY
S/C N2 C/N 049
S/C 012 /N 049
S/C 012 C/NTO4Y
S, C 012 C/M 049
S/C 012 G/N 049
S/C 012 C/N 049
SiC 012 CG/N 049
S/C Q12 G/M 049
S;/C 012 C/M 049
S,C 012 CNM 049
S, C 012 C M 049
S, COI2G/N 049
S/C 012G N 049
S, C 012 G/N 049
TS C 012 G NMO049




550 Spacer. 170. IV §/C 012 C/M 049

551 Screws (SCE Base Plate) 176 IV §/C 012 C/M 049
552 Screws (SCE Base Plate) . 174 . IV C/M 049
553 SCE Base Plate 175 IV G/M 049 ,
554 Hardware, \Washers & Screws 178 IV C/M 090 ;
555 Ablator Plugs 110 IV C/M 090
N 556 Hardware, Screw & Washer 177 IV C/M 090
F 557 Ablator, Astro-Scxtant 109 IV C/M 090
558 Seal 181 IV C/M 090
559 Seal 182 Iv C/M 090
, 560 S-Band X-Ponder 185 IV C/M 125
' 561 SCT Crown (Lower) 192 IV C/M 090 .
562 . Screws (4 éa.) 200 IVC/M 090v
563 Screws (3 ea.) 190 IV C/M 090
564 SCT Crown Half 193 IV C/M 090 -
565 Screws (4 ca.) 202 IV C/M 090
566 Sextant Crown Upper Half 195 IV C/M 090
567 SCT Crown. Half Lower _ 194 IV C/M 090
601 Ablator Plugs 201 IV C/M 090
602 Telescope Cover 184 IV.C’M 090
603 Sextant Cover 183 IV C/M 090
604 G&N Computer 203 IV C/M 070
6053 Screws 204 IV C/M 070
606 Controller None P.I. 031
607 Bex of Controliers None pP.1. 031
608 Panel 22 207 018
609 Panel £2 (Howe) 208 018
610 Pancl 71 210 019
611 Hardware for Panel #1 209 019
612 Hand-Hold 215 019
613 Hardware for Hand-Hold . 216 & 217 019
614 Conncctor Octopus Cable 219 IV S/C 012 C/M 130
615 Flight Qual. Recorder 212 IV S/C 012 C/M 045
621 Bolts 787 S/C 012 S/C 161
622 Washers 801 . S/C 012 S/C 161
623 Barrel Nuts 802 S/C 012 §/C 161
624 Bolts 800 S/C 012 S/C 161
¥ 625 Poly Tape 803 $/C 012 S/C 161
620 Ablator Panel 198 IV C/M 090
627 Q. Felt 231 IV C/ M 090
628 Nutplate Strips 230 IV C/M 090
629 7. Strip 221 I\" C/M 090 ,
630 Ablative Pancl Inner 228 IV C/M 090 s
631 Insulation Strip 220 IV C/M 090 s
632 Washers (34 ca.) 197 IV C/N 090 !
633 Yaw ECA 222 IV C/M 052 N
634 Display ECA 229 IV C/M 051 1 '
635 AUN ECA 238 IV C/M 053 ;
636 Roll ECA 243. IV C/M 055 .
037 Panel 22. 257 IV C/M 023 '
638 Panel 21 254 . IN' C/M 022 -
639 Cam Locks 249 I\' C/M 055 !
640 \MDP Panel 23 206 IN C/M 015 '
641 Hardware for Panel #3 265 1INV C/M 015

642 D&C Panel =10 269 IV C/M 002




643 Hardware for Panel #10. 268 IV C/M 002

644 . D&C Panel 11 272 IV C/M 003 !
645 Hardware, D&C Panel 11 271 IV C/M 003 !
( 646 D&C Panel #16 276 IV C/M 010 :
- 647 D&C Panel #15 280 IV .C/M 011 ;
648 Hardware, Panel #16 75 1V C/M 010
k 649 Hardware, Panel #15 279 IV C/M 011 '
‘ 650 Pads SM 077 S/C 012 161
- 651 Washer SM (76 S/C 012 161
. 652 . Safety Wire SM 073 S/C 012 161
0 653 Screws SM 064 S/C 012 161
k 654 . Washer SM 065 $/C 012 161
f 655 . Cotter Pin SM 068 S/C 012 161
656 Nut S/M 069 S/C.012 161
657 Washer S/M 070 . S/C 012 161
658 Screw S/M 071 S/C 012 161
659 Bolt S/M 074 S/C 012 161
660 Nut S/M 075 S/C 012 161
661 Washer S/M 078 S/C 012 161 .
662 Debris S/M 083 S/C 012 161
663 Half Ring S/M 066 S/C 012 161
664 Support S/M 079 S/C 012 161
665 Ring S/M 080 S/C 012 161
666 Seal S/M 081 S/C 012 161
667 Screws, Mount Panel #12 284 C/M .009
668 D&C Panel #12 285 C/M 009
669 PCM #1 287 IV S/C 012 C/M 047
670 Nut (PCM #1) L.H. 289 IV S/C 012 C/M 047
671 Cold Plate Fuzz 297 IV §/C 012 C/M 047
673 PCM #2 290 IV S§/C 012 C/M 048
674 . VHF Multiplexer 300 IV C/M 127
675 S-Band Pwr. AMP 301 IV C/M 126
676 Pitch ECA 310 IV C/M 054
677 Main DSKY 312 IV C/M 020
678 Mount Screw for Main DSKY ' 313 IV G\ 020
679 Shock Washers for Main DSKY 315 IV C/M 020
680 Shock Washer Triangle Main 314. IV C/M 124
681 DSKY 319 IVC/M 124
682 Cold-Plate Fuzz 320 IVC/M 124
683 *C" Band 321 IV C/M 132
684 Cold Plate Fuzz 324 IV .C/M 132
- 685 Pancl #5 334 IV C/M 017
686 UHF FM Xmitter 325 IV C/M 131
687 UHF AM Recovery Beacon 330 IV C/M 123
688 UHF AM Rec. Cold Plate Fuzz. 330 IVC/M 123 .
689 Nut UHF AM Rec. 340 IVC/M 123 ' 4
690 Panel #4 FDAI 337 IVC/M 016 .
691 Cold Plate Fuzz 339 IV C/M 016
692 Pre-Modulation Processor 345 IV C/M 138
693 P&C Panel #7 349 IVVC/M 013
694 Panc! 26 352 IV C/M 014
695 Door Assy. & Screws . S/M 155 IV S/M 006
696 22 Inverter C/M IV 353 . IV C/M 085
697 Bolts Inverter C/M 354 IV C/M 085
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698 Panel S/M -4 S/M 170. IV S/M 006

699 Cover Assy. S/M 165 IV S/M 006

700 Cover Assy, S/M 167 IV S/M 006

701 Cover Assy. S/M 164 IV S/M 006

702 Cover Assy. S/M 166 IV S/M 006

703 Inverter #1 C/M 355 IV C/M 085 ﬁ
704 Mount Bolts C/M 355 IV C/M 085 !
706 . #3 Inverter & Hardware 357 & 358 IV C/M 085 Z'
716 Splice . BPC 359 IV C/M 050

717 Audio Center 363 . . IVC/M 144 . ,
727 Panel #8 Display 375 IV §/C 012 i
728 Screws 37 IV S§/C012012

729 Débris 372 IV §/C 012, 012

730 Panel 19 373 iV §/C 012 07

731 Screws ' 375 IV §/C 012 07

732 Blank Panel #17 376 IV §/C 012 C/M 139

733 Mount Screws Panel #17 377 IVC/M 139

734 Hand Hold . 380 IV C/M 005 .

735 Panel #18 378 IV .C/M 005

736 Screws Panel #18 379 IV C/M 005

737 Debris S/M 146 IV S/M 004 :
738 Burned Paper See Note on Q11 Tag See Note on Q11 Tag ¢
739 D&C Panel #20 390 IV C/M 008

740 Panel #20 Screws 389 IV C/M 008

741 AC Control Box 395 IVC/M 135

742 AC Control Box Mount Bolt 396 IV.C/M 135 i
743 AC Cont. Unit Nut Plate Bracket 394 IV .C/M 135 :
744 Separation Monitors 154 S/M IV 008

745 Debris 171 IV S/M 008

746 Debris 172 IV S/M 008

747 Debris 174 IV S/M 008

748. Debris 173 IV S/M 008

749 Biomed. Ext. Cable 244 IV 018

750 Physio Simulator 244 IV 018

751 Battery, Charger & hardware 397 IV 133

752 Motor Switch C14-56 402 : IV 134

753 Motor Switch C14-53 404 IV 134

754 Motor Switch & Hardware C14-52. 403 IV 134

755 Cable Clamps 400 - IV 134

756 Screws 401 IV 134

757 NAV DSKY 422 .. S e IV C/M 092

758 Screws 423 IV C/M 093

759 Eye Picce (Unit 103) Stowage Compt. C/M 425 IV'S/C 012 C/M 093

760 G&N Indicator Panel 105 C/M IV 427 IV S/C 012 C/M 094

761 Mounting Bolts for G&N Panel 105 C/M 428 . IV -S§/C 012 C/M 094

762 W ‘B Assy. Insul. Rotation Cont. . C/M 049 C/A

768 - PSA Tray #9 430 IVC/M 103

764 PSA Tray #10 429 IV C/M 104

765 DPSA Tray #2 . 432 . IV C/M 102

766 PSA Tray #1. 431. IV C/M 101

767 PSA Tray &4 434 IV C/M 096

768 PSA Tray #3 433 IV C/M 095

769 PSA Tray #5 435 IV C/M 097

770 PSA Tray #6 436 IV C/M 098
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PSA Tray #7

PSA Tray #8

CDU #1

CDU #2

CDU #3

CDU #4

CDU #5

Signal Conditioner
Panel 101 & Hardware
Rate Gyro

Gyro Attitude

Master. Event Seq. Cont.
Master Event Seq. Cont.
Dcbris

Piece of Glass

Pancl 150 Conn. Mount Screws

**C” Band Antenna
Panel C/M 5
Clamps

Clamp
Clamps
Cushion
Clamps
Clamp
Clamp
Clamp

Life Preserver
Screws
Screws
Screws
Screws

String Tie
Clamp
Clamp
Unidentified Material
Clamp
Teflon Wrapping
Screw C/M 6
Clamp Set
Metal Bead
Screws.

Rod

T,B Cover

IV C/M 099
IV .C/M 100
IVC/M 112
IVC/M 112
IVC/M 112
IVC/M 112
IVC/M 112
IVC/M 119
IVC/M 113
IV C/M 056
IV C/M 057
IV C/M 062
063

IV S/M 005
IV §/M 005
IV.C/M 149

IVC/M 121
IVC/M 121
IVC/M 174
IVC/M 174
INC/M 174
IV C/M 174
IVC/M 174
IV C/M 174
IVC/M 174
IVC/M 174
IVC/NM 174
IV C/M 174
IVC/M 174
IVC/M 174
IVC/M 174
IVC/M 174
IVC/M 174
IVC/M 174
IVC/M 174
IVVC/M 174
IVC/M 174
IVC/M 121
IVC/M 121

IV C/M 171
IVC/MITL
IVVC/M 121
IVC M 174




825
820
827
828
831
832
833
RE
835
]36
837
838
839
840
841
842
843
844
85
&to
847
848
KLY
850
851
]h2
8h3
8t
855
LRI
/57
898
]34
00
8ol
862
|6}
Rod
RON
KK

867
RO¥
R

80t

872

/7t

8-t
R7H

T0
L
878

Panel 150 String Tie

Serews C M 18

FFelt

G Felt

Mounting Screws

Mount Screws

Panet 130 Pyro Bat € B
Adhesive

Sample Bottle

Stowaige Door Vacuum Clean
Pancl 201

Panel 202 Waste Management
Screws tor 'l 202

Bolts, Pleat Shicld

. Scissors & Suit Debiis

suit Debiris

Sun Gilasses

Case - Sun Glasses
Daosuncter

Molten Metal

Molten Metal & Wire
\Molten NMetal

\etal

Metal

Tubniny

Nerews &onuts
Cluups

Ashestos Tusulation
Pricce ol Fiberglass
Shis

1 ibergliass Lape

@ Felt

RE Cable Clamp

87 NMounting Hardware
AR Heat Staeld
Cable Chunps

Cable Tray

Bolts tor Cable Tray
Bolis tor Cable Prav
sSamples 1 H Crew Couch
1. 1 Foot Rest

Satety Ware

Cable Lrav Assv. With Hadswae

i Duftuser & Cable Tras
Cable Trav & Hardware
Diebris trom above Cable Fras
Insidation CNO

Heat Sk

Bolts Heat Sink Mounting
Wire Pwisted Pair

Raoll Engine CW

Panel & Eogine Rolb CCW
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476
499
498
505
500
496

L1
504
52
503
alo
531
30
520
532
525
XK
RX 4
534
K27
H28
H29
H24
HRA]
NE D
IR
H41
{E R
A2
550
57
510
o0
561
563
R
105

05
504,708,508

559,560, /8 507

06,

¢ M OH6H
570NTLH72
YR

LYN}

T .

ARG

40t

IV GOV
IV G/ 121
IV CoM 121
IV C M L2Y
IV COM LD
IV CM 145
IV OOM 149
MA 008

807

AY
Y
v
v
1V
v
1V
IV
vV
1V
v
1V
AN
AN
AN
IV
Ay
IV
A}
AN
IV
Ay
Ay
A}
AN
IV
AN
v
v
l\'

AY
v
[AY
(AN
v
IV
v
v
v
Vv
v

C.
(¢
«

C.
C
C
(o8
¢
(&
¢
[
«
.
(&
(O
C
(@
«
«
(&
(@
¢
«
(@
(¢
(OF
(@
«
N

1

M 145
M LD
NEEE

CON WD
C

AL OO3
NEED
NEtY
NREY
NEtH
\NOWT
\YREY)
NI4T
NREY
NREY
NBET)
NEEY
M LT
MY
M o043
MO
N O3
AYRIZR
hY 38 B3N
Mo121
121
A J15R)
121
N2
o121
M2t
AT RARIAN

CoONLOO2
CoM 121
TREY I B4
(R I 3
GoM 2L
C
[§
(
(
(
¢

AS IR 1L

TN L0
HRYRE}]
CNLLTH
TN M0
Y I B3




879 Pencil, Debris Red Matl. 603 C/M 073

880 Q. Felt 601 IV C/M 121
881 Bolts 579 IV C/M 140
882 . Q. Felt 584 IV C/M 043
883 Cable Tiay & Hardware 605 IV C/M 121
884 Cable Tray & Hardware 602 IV C/M 121
885 Cable Tray & Hardware . 598,600 IV C/M 121
886 . Cable Tray 595 IV C/M 121
887 Q. Felt 584 IV C/M 043
888 Blanket CCW Engine 606 I\ C/M 140
889 Rlartket CMW Engine 611 I\ C/M 140
890 Heat Sink 583 IV C/M 140
891 Engine Bolts 614 IV C/M 140
892 Hardware : 599 IV G/ 121
893 . Bolts 613 IV C/M 140
894 Blanket A" 592 IV C/M 140
895 Blanket "B 593 IV C/M 140
846 Pancl & Engine CW Roll 616, 477 IN'C/M 140
897 Q. Pelt 594 IV C/N 043
898 Engine, Yaw System T"BY 590 IV C/M 140
899 Engine, Yaw System A7 591 1V C/M 140
900 Fangine CCW 615 IV G/M 140
901 Bolts 589 IV C/M B89
902 Cable Tray & Hardware o4 IV C/M 121
903 Q. Felt 584 IV C/M 140
904 Cable Tray & Hardware 617 IV C/M 121
905 Blanket & + Yaw 629 IV C/M 140
906 Blanket & + Yaw 628 IV C/M 140
97 Hardware 637 IV C/M 140
908 Nuts & Washers 547, H48 IV C/M 121
90Y Ungine ¢ Piutch System A 644 IV C/M 140
910 Engiue 1 Pitch System B 045 IV C/M 140
911 Fugine r Yaw System A 635 IV C/M 140
912 Fugine + Yaw System B 634 IV C/M 140
913 Protective Cover “ Pitch™ 046 IV C/M 140
914 Bolts & Washers 643 IV C/N 140
915 Steam Duct 549 IV COM 121
gio6 Debris 549 IV CON 2]
917 + bitch Engine Blankets 638 IV C/M 140
918 RCS Cont. Box C19.A1 o7 IV C/N 067
919 Screws & Washers i IV /M O67
920 Air Vent 672 IV )M 121
921 Washer 0549 IV CGoNE 121
922 Nuts . 6h8, 670 IV C M 121
923 \Washer o7l . IV oM 121
924 RCS Cont. Box 069 IND CLM 068

925 ROS Motor SWoAssy. o7 IV CoM06Y
920 Clamps & Ncrews 711, 712 IV CoN06OY
927 Debris . IV GO 06Y
Y2R . Pitch Engines A&B and Mounting

Struct 721 IV CLN 140
929 Mounting Hardware - Pitch 720 IV CoN L T40
930 Insulation & Blanket 027 . IV N 140
CRY Cable Clamp 715 IV CLN 121
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932
933
934
935
936
937
938
939
940
941
942
943
944

945 .

946

947

948
949
950
951
952
953
Yhd
955
956
957
958
959
960
961
962
963
904
965
966
367
968
96y
970
urt

ar2.

973
97 h
476
ury
978
979
980
Y81
Y32
Y83
984
985
Y86

Bracket

Screws

Screws for RCS Cont. Box
Screws for H20 Water Panel
Water Glycol

Washers, Bolt, Spacer

Nut Plate Assy.

Bolts Stringer #5

C/C Heat Shield

Q. Felt

Cobra Cable e o

Wire

Hardware

Hardware:

Bonding Jumpers
Cotter Pins

Bolts

Debris

Hardware and Mounting
Washers

Safety Wire Unbilical
Spacer

Scanning Telescope
Optics Shroud Assy.
Screws Optics Mount
D&C Panel G&N
Serews D&C Mount
Samples

Soot Samples

Svot Sample

Ring Phenolic

Ring Teflon

Ring Phenolic

Scal Teflon Sxt.

Bolts

Nav. Base Optics Assy.
IMU

Bolts

Bolts w. washers
Control Elee, Assy.
USBE Front Panel

O Surge Tank

0o Valve \ssy.
Hardware Surge Tank
Outlet Line Surge Tank
Surge Tank 1SO Valve Inlet Line
Rolts

Tube Assy

Oy Relief Valve

Water Glyeol Valves
Hand Coutrei'er Cable
Tee (Adapter)

\Valve .

Cobra Cable
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754
753
670
492,

750, 751, 752
741
732
742
648

- 762

767
764 thru 760
710, 713, T14
761
676
624
760
726
626
763
625
768
770
769
7
IR}

783
782
784
781
791
795 .
780
785
796
79
814
812
804
814
800
799
807 .
816.
8U8.
834 .
833
830
826
832

IV C/M 121
IV C/M 121
IV G/M 068
S/C 012 065
IV C/M 121
IV C/M 121
IV C/M 121
IVCG/M 121
IV C/M 121
IV C/M 121
C/M CG/A 065
IV C/M 179
IV C/M1TY
IV CG/M 121
IV G/M 121
IV C/M 121
IV G/M 121
IV C/M 121
IV C/M 121
IV C/M 121
IV C/M 121
IV G/M 121
IV C/M 151
IV C/M 1T
IV G/M 111
IV G/M 118
IV C/M 118
IV C/N 099
MA C/M 008
MA C/M 008
IV C/M 176
IV C/M 76
IV C/M 176
IV C/M1T6
IV C/M 126
IV C/M 176
IV C/MLT6
IV G/M 176 .
IV C/N 176
IV Co M 1T6
IV C/N 168

S.C 012 5,C 095
S0 012 IV C/M 163

IV C/N A3
IV C/M 153
IV CM 153
IV C/M 153
IV C/N 1S3
IV /N 153
IV CGOM ID3
IV M 122
IV CoM 122
IV C MBI .
IV COM 122




o vy

bl asil o ek i

987
988
989

K 990
991
992
993
994
995
996
997
998
999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028

1029

1030
1031
1032

1033.

1034
1035
1036
1037

1038 .

1039
1040

Cobra Cable

Cobra Cable

Mg, Brkt. Hardware

CMC Y™ Wire Assy

Press-Xducer 02 Surge Tank

Box Assorted Items

Panel 316 C237.2

Hand (Long) Hold Assy

short Hand Hold Assy
1IN Ret. Cont. Mount

G&N Eye Relief

Loop Clamp G&N.

Screws Panet 316

.Bracket & Hardware

Wire Harness Cover

11.8C

¥1.5C

Shim. Toe Cap

Serew

Screw & Nuts

PSA Toc Plate

Thermal Interface Mat'l,
Wire Covering

Screws

Connectors W Nerews
Clamips & Hardware

COV Frame Assy

Stringers

PSA & Connector Assy
Panel 209 Invert Syne
Bracket for Panel 209 lavert Syne
screws Panel 209 Mount
Panel 208 [uvert Syuc Box
screws Panel 208 Mount
Plate Below Frame R, H Side
Panel 203 & Hardware
Attenuator Panel

Atten. Panel Mg, Screws
Relay Box (VDL

PCVB & Hardware

Heat Shicld Sample

Aft Heat Shicld Sample

TV Camera

Wire Harness

DSEA Voice Tape Recorder
Film Magazine 10 mm
Pancl 100

Serew for 'nl 100

Guard Phate Assy

Panel 200

Haedware for Pnl 200
Guard Plate \ssv

CLEAR Phase Correcting Boy
Serews (CHEAR)Y |
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829
831
828
839
809.

842
843
844
846
845
817
840
822
824
866
861
884
880
881
883
847
852
879
8§79
885
879

873
886
Y04
887
903
902
910
95 & W7
908
909
913
918
930
928
931
93t
AR}
480
936
934
941
940
937, 943, 942
947
946.
944

IV C/M 122

N
N
I

" C/NL122
" C/M 153
TC/M 193

IV C/M 153
Pl 047

N

IV
v
IV
1V
v
IV
IV
Vv
IV
v
IV
IV
1V
IV
IV
IV
IV
IV
v
IV
IV
IV
1V
v
IV
v
v
I\
I\
v
I\
IV
IV
IV
IV
IV
IV

N
C

I\
I\
N
N
AN
N
I\
n

/M 107
C/M 084
C/M 084
C/M 084
C/M 084
C/M 180
C/M 107
CUM 192
C/\ 192
C/M 064
G/M 065
C/M 120
Gy M 120
C/M 120
C/NM 10
CiM 120
C/iM 192
C/M 180
C. M 180
CoN 120 -
C/M 180
CoM 121
S0oM 180
C/M 183
/M 183
C/M 183
G, M 184
G M 184
C/ANLTY
C, M 169
CoM 169
G M 169
€.\ 198
. M 066
C M9
C N9
C. M 082
C: M 08l
T (M 081
N OMA 0L
COOM 02T
TCOM 027
TG M 026
© LM 020
TCLOM 020
LM OIR2
TCOM 182
T M OIR2




1041 Fuse Box 949 IV.C'M I8
1042 Fuse Box Bolts & Teée Brackeét 952 . IV .C M 185
- 1043 Fuse ' x Mtg. Bolts 948 IV.C M 185
1044 - R.H. Control Unit Anti Rotational
Casing 958 IV C/M 188
1045 Control .ével Knobs 954 IV C/M 188
1046 Anti Rotational Casing 953 IV C/M 188
1047 Cabin Press Control Lever Support 955 IV C/)\ 188
1048 Cabin Press Control Unit 956 IV C/M 188
1049 R.H. Control Assy . 957 IV C/M 188 :
' 1050 RIV Cabin Press 960 . IV C/M 188 N
1051 2 Brkts. Cover 927 . IV C/M 175 1
1052 Screws 920 IV C/N 17D
1053 Mtg. Hdwr. 925 IV C/M 175
1054 Mtg. Screws . 920 INVC/M 175
1055 J185 Plug 961 & 962 IN.CAM 179
- 1056 Hardware 964 INC/N1T9
1057 Harness Brkts. 965 IV CN1T7Y
1058 Sleep Adapter 983 IV C/M 116
1039 Slecp Adapter 984 IV C/M 116
1060 CWG Adapter Cable 986 IVVC/M L6
1061 CWG Adapter Cable 985 IV C/M 1o
1062 D.C. Pwr. Control Box 981 IV C M 195 :
1063 Screws for D. C. Pwr. 980 IV COM 195 i
1064 CL4AL3 Cont. Box Uprighting 990 IV COM 194 :
1065 Screws for C1EALS Mount 989 IV C/N 194 .
1067 Hateh Tool 1002 IV COMOT2. ‘3
1068 Vacuum Cleaner Assy 991 IV COM 0TS
1069 Louver Cabin Air Valve 1001 IN C/M18Y
1070 Nducer Front Cabin Air Valve Louver 1003 IV C. M 18Y
1071 Suit Hose Connector 1004 IV COMO18Y
1072 suit Hose Connector . 1004 IV G/ M 18Y
1073 . Heat Fxchanger 1010 IV COM18Y
1074 Screws 1011 IV CoNL 192
1075 Suit Host Contr. 1016 IV CLM18Y
1076 Contr. Hdwre. 1016 IVC M I8y
1077 Access Panel 1022 IV C N 189
1078 Utilization Panel 1018 IV C M 18I
1079 Clamp & Huardware 1021 IV CNT I8
1080 Honescomb IV C M 141
1081 Cabin Press Nducer 994 IV C M I8Y
1082 Screws Cobra Cable 1000 IV CON18Y
1083 Nducer Cabin Temp 1023 IV COM 18Y
1084 . Closure Valve 1026 IV COMI8Y
1085 Amplifier Ndueer Cabin Temp. 1013 IV COM18Y
1086 Fans Cabin \ir 1023 IV N IR
1087 Cabin Femp. Controller 1012 IV (M 189
1088 Nducer Cabin Temp. 1024 IN COM18Y
1089 Debris 1025 IV M 18Y
1090 Panel =13 10034 IV COM 004
10491 Pancl 13 Hardware 1033 IV N (e
1002 Panel 23 Hardware 1035 IV G2t
1093 Panel 23 1038 IV COMo2l
100 Panel 20 1042 IV M 024
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1095 Panel 26 Hardware 1039 IV C/M 024

1096 Mig. Brkt. C151A52 . 1043 IV C/M 205
1097 Cable Clamp 1044 IV C/M 205
i 1098 Motor SW Panel C14A3 1045 IV C/M 205
\ 1099 Helmet Bag 1047 IV C/M 080
1100 Helmet Bag 1046 IV C/M 080
: 1101 Helmet Bag 1048 IV G/M 080
1102 Close-Out Panel 1049 IV C/M 001
1103 Potable Water Assy. - 1053 IV C/M 001
1104 . LEB Hardware 1057 IV C/M 179
1105 Hardware Data Tray 1058 IV C/M 192
1106 . Access Panel 206 1059 IV C/M 206
1107 1/4 “*Snap On"" Socket 1063 IV C/M 192
1108 LEB Hardware & Brackets 1062 IV C/M 192
1109 Wire Harness Wrap 1064 IV C/M 192
1110 Clamps 1065 IV C/M 192
1111 Nducer Mount Hardware o ... 1068 & 1069 IV C/M 201
1112 Press Xducer 1070 IV C/M 201
1113 Press Nducer 1068 IV C/M 201
1114 Press NXducer 1069 IV C/M 201
1115 Signal Cond. 1067 IV C/M 201
1116 Pwr. Dist. Box 1083 IV C/M 187
1117 Hardware Bolts & Nuts Washers 1084 IV C/M 187
1118 Pwr. Dist. Box 1080 . IV C/M 187
1119 Accelerometer 1089 IV C/M 202
1120 Accelerometer 1090 IV C/M 202
1121 Panel 204 1094 IV C/M 202
1122 Sig. Conditioner 1072 IV C/M 202
1123 accelerometet 1092 IV C/M 202
1124 . sig. Conditioner 1075 IV C/M 202
1125 Sig. Conditioner 1071 IV C/M 202
1126 . Current Liniiter 1086 IV C MIi86
1127 Current Limiter 1087 IV' C/M 186
1128 Current -Limiter Hardware 1088 IV C/M 186
1129 Washer 1103 IV C/M 192
1130 Hardware Clamps Brackets 1102 IV C/M 192
1131 Hardware 1114 IV C/M 038
1132 Hardware 1111, 1112, 1113,
1115 IV C/M 038
1133 Elect. Cable Wrapping 1126 IV C/M 192
1134 Check Valve 1128 IV C/M 038
1135 Relief Valve 1107 IV C:/\ 038
1136 Shut-Off Valve 1108 IV G/M 038
1137 WG Line Insulation 1129 IV C/M 038
1138 Shut-Off Valve 2.28DE . 1119 IV C/N 038
1139 Relief Valve 2.2AB 1118 . IV G/ M 038
1140 Water Glyeol Sample 1120 IV C/M 038
1141 Water Glyeol Sample 1130 IV C/M 038
1142 Temp. Sensor 1110 IV G/ M 038
1143 Check Valve 2201 . 1Y IV C, M 038
1144 . N, XY Canister 1132 IV C/M 073
1145 Stowage (linister 1134 IV C,/ M 073
1146 TV Flex Coil Cord 1137 IV C M 208
18N Piebiris 1130 IV C.M 073
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1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160

1161 -

1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183

1184 .

1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201

Debris .
COAS
COAS Bulb
Hardware Cover S& T
Hardware Canister
Clamps & Screws
Storage Box
Shelf, Vacuum Cleéaner
SCS J Box
Knobs Cont. \WMS Panél
Panel & Hardware WMS
Panel & Hardware \WNIS.
Vert. Angle & Hardware
Horiz. T’ '& Hardware
Back-Up Valve
Back-Up Valve
UDL Line
Linc. Fr. W)\IS Sel. Valve
Valve Selector WS
Line Assy
Valve Check
Clamp
Line Assy
Line Assy Waste Man.
Blower Waste Management
Urine Dump Loci
Check Valve
Check Valve
ECU P-33 Connector
ECU P-34 Connector
Events Conditioner
Canister Med. Science
Events Conditioner Hardware
Bolts for J-80 ] Box -
RF Coax Switch
Hardwarc for RF Coax Switch
Dust Cap and Tape
Sample W/G
Sample W, G
Dcebris
Debris
Debris
Debris
Debris .
Debris
Debris
Debris

cbris
Debris .
Debris
Debris
Dcebris
Debris
Debris

1138
1136
1135
1131
1138
1140
1141
1099
1148
1149
1150
1151

1142

1143
1154
1157
1158
1160
1161
1162
1164
1165
1174
1171
1170
1163
1172
1173
1177
1178
1179
1185
1180

1182 .

1186
1188
1204
1294
1294
1226
1224
1223
1225
1229
1222
1230
1231
1219
1232
1227
1228
1221
1220
1234

IV C/M 073
IV C/M 073
IVC/M 073
IV C/M 073
IV G/M 073
IVC/M 209
IV C/M 200
IV C/M 200
CA C/M 231
IV C/M 200
IV C/M 200
IV G/M 200
IV C/M 200
IV G/M 200
IV C/M 200
IV-C/M 200
IV G/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 200
IV C/M 209
IV -G/ M 209
IV C/M 117
IV.C/M 117
IV-C/M 117
IV C/M 117
IV CG/M 203
IV C/M 203
IV C/M 162

IV C/M 207

IV C/M 207
IVG/M 211
IV C/M 211
IV C/M 211
IV C/M 21
IV C/M 211
IV C/M 211
IV C/M 211
IVVC/M 211
IV C/M 211
IV C/M 21
IV G/M 211
IV C/M 21
IV C/M 211
IV C/M 211
IV CM 211




1202
1203
1204
1205
1206
1207
1208
1209

1210 -

1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246

1247

1248
1249
1250
1251
1252

1253 .

1254
1255

Debris
Debris
R¥ Conn. Loc. Clamps
C and W Detection Unit

Hardware for C and W Detection Unit

Access Panel

J11 Brkt. Hardware
J9 Brkt. Hardware
Sample #1

Sampe #2

Sample #3 .

Sample #4

Dye Marker

Dye Marker Swimmer
End Cap Dye Marker
Circuit Interrupter
Circuit Interrupter
Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Brkt. Bundle Clamp
Line End " A™

Brkt. Assy. & Hardware
Tubing End "B
Tubing H20 Waste Tank
Tube End "C"

Tube End D"
Bracket

Clamp Section

Hdwre. & Clamps
Teflon & Spot Tie
Food Compt. ""A"
Wire from C28 ARIT3
G & N lLoose Equipment
Test Panel

Door Scientific D
Panel

Door. Assembly RHEB .

Door, Assembly RHEB .
Door. Assembly RHEB.
Door., Assembly RHEB
ECS Restrictor Assembly
Filter Assembly

Filter Assembly

Check Valve

Check Valve

Linc Assembly

Line Asscmbly
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1233
1236
1237
1238
1203
1239
1241
1240

1242
1247
1243
1249
1248
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1264
1268
1265
1269
1266
1267
1270

1261.

1263
1262
1271
1272
1276
1277
1275
1278
1281
1280
1279
1282
1291
1292
1293
1294
1295
1296
1297

IVC/M 211 .
IV C/M 211
IVC/M 203.
IV C/M 006
IV C/M 006
IV C/M 006
IV C/M 006
IV C/M 006
MA G/M 026
MA C/M 026
MA C/M 026
MA C/M 026
IV C/M 112
IV C/M 112
IV C/M 112
IV C/M 152
IV C/M 152
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 190
IV C/M 192
IV C/M 190
IV C/N 190
IV C/M 190
IV CiM 190
IV G/N 190
IV C/M 190
IV C/M 179
IV C/A 192
IV C/M 192
IV C/M 192
IV C/M 105
IV.C/M 179
IV C/M 115
IV C/M1I15
IV C/M 115
IV C/M 115
IV C/MN 141
IV C/M 141
IV C/M 141
IV C/M 141 .
IV C/M 086
IV C/M 086
IV C/M 086
IV C/N OB
IV C/N 086 .
IV C/M 086
IV C/M 0BG




1256
1257
1258
1259
1260
1261

Line Assembly

Line Assembly

Clamp

Hardware

02 Line

Oxygen Restrictor Assembly

D:4-66

1298 .

1299
1300
1301
1302
1303

IV C/M 086
IV C/M 086
IV C/M 086
IV C/M 086
IV C/M 086
IV G/M 086
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